why  is  the  Western  Electric  25 B  ’ 

the  most  popular  speech  input  console 


To  date,  more  than  225  FM,  AM  and 
TV  Stations  have  installed  the  25B. 
Here  are  reasons  for  such  popularity: 


General  Advantages 

It  provides  highest  quality  studio  control  for  AM  and  FM 
at  their  best. 

2a  It's  versatile.. ^handles  two  studios... has  two  main  chan¬ 
nels  for  simultaneous  operation. 

3s  It's  easy  to  operate,  because  all  controls  are  functionally 
located. 

4a  It's  a  complete  unit  with  its  own  table . . .  attractive,  sturdy, 
well  designed... and  it's  moderately  priced. 


Technical  Advantages 

la  It  covers  complete  FM  frequency  range.  Has  exceptionally 
low  distortion  and  high  signal-to-noise  ratio. 

2a  It  is  easy  and  economical  to  install ...  plug-in  cables  carry 
all  external  leads  to  wail  boxes. 

3s  It's  designed  for  complete  accessibility . . .  see  how  it  opens 
up  to  expose  all  components. 

4a  It  includes... 7- position  mixer;  line  and  microphone  trans¬ 
fer  keys;  dual  volume  indicators;  separate  built-in  tube 
check  meter;  regulated  power  supply;  and  many  other 
important  features. 


What  about  deliveries? 


25B's  are  being  produced  in  large  quantities. 
You  can  get  delivery  immediately.  See  your  Graybar  Broadcast  Representative  about  it* 


Western  Electric 

-QUALITY  COUNTS- 


Graybar  Electric  Company,  E>34 

420  Lexington  Ave.,  New  York  17,  N.  Y. 

Pleaam  tend  me  complete  information  on  the 
Western  Electric  25o  Speech  Input  Console, 

Name _ _ _ 


Station. 


Address. 


MSTinuTOIS:  m  TOT  U.S.  A.— Graybar  Electric 
Company,  in  Canada  and  newfound- 
LA I'lD— Northern  Electric  Company,  Ltd. 
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Checking  Up  on  nine  New  York  1947.  Workers  in  this  field  sus- 
newspapers  we  note  that  seven  tained  only  3.33  disabling  injuries 
print  quite  complete  a-m  broad-  per  100,000,000  man  hours,  as  coin- 
cast  programs  and  two  skimp  only  pared  with  14.16  for  all  industries 
with  respect  to  number  of  stations  studied, 
covered.  All  nine  carry  full  tele¬ 
vision  schedules.  One  even  runs 
shortwave  programs. 

The  picture  with  respect  to  f-m 
is,  curiously,  quite  different  The 
situation  at  the  moment  is  as  fol¬ 
lows  : 


1ATEST  development  in  SOLITE 
t  Metallized  Paper  Capacitors  in 
the  introduction  of  units  with  a  rat¬ 
ing  of  600  volts  d-c  working,  900 
volts  d-c  test.  • 

These  capacitors  satisfy  a  growing 
demand,  on  the  part  of  designers  of 
compact  electronic  devices,  for  high¬ 
er  voltage  tubular  capacitors  with  ex¬ 
ceptional  reliability  of  performance. 
SOLITE  Capacitors  are  unequalled 
for  such  applications  because  of 
their  self-healing  characteristics. 

Type  SL  cardboard-encased  units 
and  type  XTILWO  insulated  sec¬ 
tion,  metal-encased  hermetically 
sealed  capacitors  are  now  listed  as 
standard  in  a  wide  range  of  capaci¬ 
tances.  Both  basic  designs  are  im¬ 
pregnated  with  mineral  wax  for 
stability  of  electrical  characteristics. 


C-R  Tube  Makers  are  agptating 
for  fewer  types  and  one  kind  of 
deflection.  Some  think  three  sizes 
will  do  the  job,  two  for  direct  view¬ 
ing  and  one  for  projection,  while 
others  favor  five  types  in  all.  Mag¬ 
netic  deflection  appears  to  be  the 
favorite. 

Object  of  this  incipient  campaign 
among  set  makers  is  the  substan¬ 
tial  reduction  in  c-r  tube  costs 
that  could  be  achieved  by  reduc¬ 
tion  of  types  and  resultant  mass 
RCA’s  Shorty  Engstrom  has  an  production, 
explanation  of  why  some  listeners 
think  f-m  broadcasting  is  impor¬ 
tant  and  some  don’t  that  appeals 
to  us.  He  says  the  service  may  be 
likened  to  a  new  delivery  boy,  and 
while  there  are  people  who  value 
his  efficiency  others  are  more  in¬ 
terested  in  what  comes  in  the  pack¬ 
age. 


Herald-Tribune 

J  ournal- American 

Mirror 

News 

PM 

Post 

Sun 

Times 

World-Telegram 


sketchy  coverage 

Sunday  only 

ilsts  one  station 

nothing 

nothing 

nothing 

nothing 

adequate  coverage 
adequate  coverage 


Larger  Pictures  are  on  their 
way  but  this  does  not  necessarily 
mean  that  projection  systems  will 
monopolize  the  spotlight.  Several 
laboratories  are  working  on 
cathode-ray  tubes  having  larger 
screens.  If  these  can  be  turned 
out  cheap  enough,  and  stubby 
enough,  they  may  give  projection 
I’ve  Found  The  Best  Spot  for  a  systems  a  run  for  their  money, 
folded-doublet  f-m  antenna  in  my 

apartment-house  living  room.  Stancor’s  Jerry  Kahn  says  the 
Hang  it  up  in  the  mathematical  dollar  value  of  component  parts  in 
center  of  the  cubicle,  midway  be-  today’s  average  television  receiver 
tween  floor  and  ceiling,  and  sta-  is  ten  times  that  of  the  parts  in  a 
tions  roll  in  just  about  as  well  as  small  radio,  four  times  that  of  a 
if  the  super  would  let  me  put  the  medium  radio  and  twice  that  of  a 
thing  on  the  roof.  large  combination  model. 

There  is  only  one  thing  wrong 
about  putting  the  antenna  there. 

My  wife  won’t  let  me. 


Compulsory  Installation  of  stall¬ 
warning  devices  on  all  private 
airplanes  has  been  recommended 
to  the  CAA  by  a  group  of  aviation 
psychologists.  Tests  show  that 
not  only  student  and  private  pi¬ 
lots,  but  even  flight  instructors, 
consistently  fail  to  detect  pre-stall 
conditions  in  light  aircraft. 

Looks  like  a  job  for  electronics. 


Capacity  Tolerance:  — 20,  -|-30%,  unless 
othervrise  specified. 

All  dimensions  in  inches. 

For  grounded  section,  metal-encased  units, 
specify  Type  XTGLWO  and  deduct 
from  length.  ^ 

For  plastic  or  cardboard  outer  sleeving  on 
metal-encased  units,  substitute  "V"  or  "P", 
respectively,  for  "O"  in  type  designation 
and  add  '/k"  to  diameter  and  W  to  length. 
A  Trade  Mark 


Radio-Station  Licenses  assigned 
to  various  types  of  communica¬ 
tions  systems  in  the  United  States 
break  down  as  follows: 


Police  . 

Taxi,  Bus,  Truck . 

Public  Utilities  . 

Forestry  . 

Railroads  . . 

Geophysical  . . 

Industrial  . 

Limited  Common  Carrier 

Highway  . 

Fire  . 

Petroleum  Pipe  Line .... 


In  A  Pig’s  Ear  Merck  &  Com¬ 
pany  researchers  insert  ^ectrodes. 
Sound  directed  at  tke  animal  from 
a  loudspeaker  generates  a  rauscle- 
Communications  was  the  safest  potential  between  the  electrodes, 
of  40  major  industries  surveyed  by  This  potential,  when  amplified  and 
the  National  Safety  Council  in  fed  to  a  cathode-ray  tube,  permits 
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Diam.  x  j 

Noinbor 

Mf 

WVDC 

Longth  | 

j  TYFi  SI  CARDBOARD  TUBULARS  | 

SL-6-01 

.01 

600 

SL-6-02 

.02 

600 

Sl-6-03 

.03 

600 

SL-605 

.03 

600 

Sl-B-I 

.1 

600 

SL-6-2 

.2 

600 

SL-6-25 

.23 

600 

*  VA 

SL-6-S 

.3 

600 

*  Iff 

SI-6-1M 

1.0 

600 

X  2% 

1  TYFS  XTILWO  METAL  TUBULARS  | 

XTILWO-6-.02 

.02 

600 

% 

XTtlWO-6-.03 

.03 

600 

XTILWO-6-.05 

.03 

600 

r-A 

XTIIWO-6-.1 

.1 

600 

XTIIWO-6-.2 

.2 

600 

.670  X  1'%i 

XTIIWO-6-.23 

.23 

600 

670  X  I'Vjj 

XTIIWO-6-.5 

.3 

600 

.670x  UVsi 

XTIlWO-6-1 

1.0 

600 

y4x2'v„ 

XTILWO-6-2 

2.0 

600 

i'Ax2'y„ 

1'Zx2'%i 

XTIlWO-6-3 

3.0 

600 
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GENERAL  CHARACTERISTICS 


NOW  .  .  .  VARIABLE  VACUUM 


CAPACITORS  ...  by  EIMAC 

Horo  at  last  is  a  dopandablo  variablo  vacuum  capacitor  that  is 
physically  dosignod  for  practical  application.  Evary  detail  of  con¬ 
struction  makes  the  Eimac  WC  series  the  standout  variable  vacuum 
capacitor  component  for  your  equipment.  Here  is  supreme  perform¬ 
ance  and  dependability  as  only  Eimac  research  and  engineering  can 
provide. 

CHECK  THESE  FEATURES 

PRACTICAL  h^OUNTING  .  .  .  designed  for  wide  application,  the 
base  plate  on  the  single  units  mounts  on  panel  for  direct  control, 
or  vertically  on  chasis  for  control  from  a  flexible  shaft  or  angular 
control.  Multiple  units  are  conveniently  bracketed  for  chassis  and 
panel  Installation 

COMPACT  SIZE  .  .  .  the  single  unit  VVC-&0  is  but  3  inches  in 
diameter  and  5  inches  in  length.  Multiple  units  are  proportionally 
larger. 

COPPER  COMPONENTS  .  .  .  for  increased  R-F  conductivity  and 
minimum  internal  losses.  All  contact  surfaces  are  silver  plated. 
MECHANICALLY  RUGGED  .  .  .  bellows,  bearings  and  adjusting 
mechanism  designed  to  withstand  excessive  use  and  provide  long 
life. 

SIMPLE  CONTROL  .  .  .  single  and  multiple  units  vary  capacitance 
,  by  rotation  of  a  single  knob.  Return  to  previously  indexed  settings 
is  positive. 

For  further  information  see  your  Eimac  dealer  or  write  direct. 

EITEL-McCULLOUGH,  INC. 

194  San  Mateo  Avenue,  San  Bruno,  California 
export  AGENTS:  Fraxar  A  Hansen— 301  Clay  St.— San  FranclKO,  Calif. 


TYPE 

VVe  60-20 


VVC4-60-20 


Maximum  RMS 
Currant 


Capacity 
10-60  mmf. 


R-F  Peak  Voltage 
20-KV 


WC  60-20 


40  amp. 


WC2-60-20 

Parallel 

Split-stator 


20-120  mmf. 
5-30  mmf. 


80  amp. 
40  amp. 


VVC4-60-20 

Parallel 


40-240  mmf. 


160  amp. 
80  amp. 


Split-stator  I  10-60  mmf. 
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By  W.  W.  MacDONALD 


Checking:  Up  on  nine  New  York  1947.  Workers  in  this  field  sus- 
newspapers  we  note  that  seven  tained  only  3.33  disabling  injuries 
print  quite  complete  a-m  broad-  per  100,000,000  man  hours,  as  corn- 
cast  programs  and  two  skimp  only  pared  with  14.16  for  all  industries 
with  respect  to  number  of  stations  studied, 
covered.  All  nine  carry  full  tele¬ 
vision  schedules.  One  even  runs 
shortwave  programs. 

The  picture  with  respect  to  f-m 
is,  curiously,  quite  different  The 
situation  at  the  moment  is  as  fol¬ 
lows  ; 


1ATEST  development  in  SOLITE 
Metallized  Paper  Capacitors  in 
the  introduction  of  units  with  a  rat¬ 
ing  of  600  volts  d<  working,  900 
volts  d-c  test. . 

These  capacitors  satisfy  a  growing 
demand,  on  the  part  of  designers  of 
compact  electronic  devices,  for  high¬ 
er  voltage  tubular  capacitors  with  ex¬ 
ceptional  reliability  of  performance. 
SOLITE  Capacitors  are  unequalled 
for  such  applications  because  of 
their  self-healing  characteristics. 

Type  SL  cardboard-encased  units 
and  type  XTILWO  insulated  sec¬ 
tion,  metal-encased  hermetically 
sealed  capacitors  are  now  listed  as 
standard  in  a  wide  range  of  capaci¬ 
tances.  Both  basic  designs  are  im¬ 
pregnated  with  mineral  wax  for 
stability  of  electrical  characteristics. 


C-R  Tube  Makers  are  agitating 
for  fewer  types  and  one  kind  of 
deflection.  Some  think  three  sizes 
will  do  the  job,  two  for  direct  view¬ 
ing  and  one  for  projection,  while 
others  favor  five  types  in  all.  Mag¬ 
netic  deflection  appears  to  be  the 
favorite. 

Object  of  this  incipient  campaign 
among  set  makers  is  the  substan¬ 
tial  reduction  in  c-r  tube  costs 
that  could  be  achieved  by  reduc¬ 
tion  of  types  and  resultant  mass 
RCA’s  Shorty  Engstrom  has  an  production, 
explanation  of  why  some  listeners 
think  f-m  broadcasting  is  impor¬ 
tant  and  some  don’t  that  appeals 
to  us.  He  says  the  service  may  be 
likened  to  a  new  delivery  boy,  and 
while  there  are  people  who  value 
his  efficiency  others  are  more  in¬ 
terested  in  what  comes  in  the  pack¬ 
age. 


Herald-Tribune 

Journal- American 

Mirror 

Xews 

PM 

Post 

Suit 

Times 

World-Telegrram 


sketchy  coverage 

Sunday  only 

lists  one  station 

nothing 

nothing 

nothing 

nothing 

adequate  coverage 
adequate  coverage 


Larger  Pictures  are  on  their 
way  but  this  does  not  necessarily 
mean  that  projection  systems  will 
monopolize  the  spotlight.  Several 
laboratories  are  working  on 
cathode-ray  tubes  having  larger 
screens.  If  these  can  be  turned 
out  cheap  enough,  and  stubby 
enough,  they  may  give  projection 
I’ve  Found  The  Best  Spot  for  a  systems  a  run  for  their  money, 
folded-doublet  f-m  antenna  in  my 

apartment-house  living  room.  Stancor’s  Jerry  Kahn  says  the 
Hang  it  up  in  the  mathematical  dollar  value  of  component  parts  in 
center  of  the  cubicle,  midway  be-  today’s  average  television  receiver 
tween  floor  and  ceiling,  and  sta-  is  ten  times  that  of  the  parts  in  a 
tions  roll  in  just  about  as  well  as  small  radio,  four  times  that  of  a 
if  the  super  would  let  me  put  the  medium  radio  and  twice  that  of  a 
thing  on  the  roof.  large  combination  model. 

There  is  only  one  thing  wrong 
about  putting  the  antenna  there. 

My  wife  won’t  let  me. 


Length 


SL-6-01 

Sl-6-02 

SI -6-03 

SL-6-05 

SL-6-1 

SL-6-2 

SL-6-25 

SL-6-5 

SI-6-1M 


XTIIWO-6-.02 

XTILWO-6-.03 

XTILWO-6-.05 

xmwo-6-.i 

XTIIWO-6-.2 

XTIIWO-6-.25 

XTIIWO-6-.5 

XTIlWO-6-I 

XTIlWO-6-2 

XTIlWO-6-3 


Compulsory  Installation  of  stall¬ 
warning  devices  on  all  private 
airplanes  has  been  recommended 
to  the  CAA  by  a  group  of  aviation 
psychologists.  Tests  show  that 
not  only  student  and  private  pi¬ 
lots,  but  even  flight  instructors, 
consistently  fail  to  detect  pre-stall 
conditions  in  light  aircraft. 

Looks  like  a  job  for  electronics. 


Capacity  Tolerance;  — 20,  -|-30%,  unless 
otherwise  specified. 

All  dimensions  in  inches. 

For  grounded  section,  metal-encased  units, 
specify  Type  XTGLWO  and  deduct  3/32" 
from  length. 

For  plastic  or  cardboard  outer  sleeving  on 
metal-encased  units,  substitute  "V"  or  "P", 
respectively,  for  "O"  in  type  designation 
and  add  '/is”  To  diameter  and  14"  to  length. 
^A'Trad*  Mark 


Radio-Station  Licenses  assigned 
to  various  types  of  communica¬ 
tions  systems  in  the  United  States 
break  down  as  follows: 


Police  . 

Taxi,  Bus,  Truck . 

Public  Utilities  . 

Forestry  . 

Railroads  . 

Geophysical  . 

Industrial  . 

Limited  Common  Carrier 

Highway  . 

Fire  . 

Petroleum  Pipe  Line .... 


In  A  Pig’s  Ear  Merck  &  Com¬ 
pany  researchers  insert  electrodes. 
Sound  directed  at  the  animal  from 
a  loudspeaker  generates  a  muscle- 
Communications  was  the  safest  potential  between  the  electrodes, 
of  40  major  industries  surveyed  by  This  potential,  when  amplified  and 

the  National  Safety  Council  in  fed  to  a  cathode-ray  tube,  permits 
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TYPE 

VVC  60-20 


KOW  .  .  .  VARIABLE  VACUUM 
CAPACITORS  ...  by  EIMAC 

H«r«  at  last  it  a  dapandabla  variabla  vacuum  capacHor  thaf  it 
pkytically  dati^nad  for  practical  application.  Evary  datail  of  con- 
ttrucfion  makat  tha  Eimac  WC  tariat  tka  ttandout  variabla  vacuum 
capacitor  component  for  your  aquipmant.  Hara  it  tuprama  parform- 
anca  and  dapandability  at  only  Eimac  rataarch  and  anginaaring  can 
provide. 

CHECK  THESE  FEATURES 

PRACTICAL  k^OUNTING  .  .  .  designed  for  wide  application,  the 
base  plate  on  the  single  units  mounts  on  panel  for  direct  control, 
or  vertically  on  chasis  for  control  from  a  flexible  shaft  or  angular 
control.  Multiple  units  are  conveniently  bracketed  for  chassis  and 
panel  installation 

COMPACT  SIZE  .  .  .  the  single  unit  VVC-60  is  but  3  inches  in 
diameter  and  5  inches  in  length.  Multiple  units  are  proportionally 
larger. 

COPPER  COMPONENTS  ...  for  increased  R-F  conductivity  and 
minimum  internal  losses.  All  contact  surfaces  are  silver  plated. 
MECHANICALLY  RUGGED  .  .  .  bellows,  bearings  and  adjusting 
mechanism  designed  to  withstand  excessive  use  and  provide  long 
life. 

SIMPLE  CONTROL  .  .  .  single  and  multiple  units  vary  capacitance 
by  rotation  of  a  single  knob.  Return  to  previously  Indexed  settings 
is  positive. 

for  further  Information  see  your  Eimac  dealer  or  write  direct. 

EITEL-McCULLOUGH,  INC 

194  San  Mateo  Avenue,  San  Bruno,  California 
EXPORT  AGENTS:  Fraiar  I  Hansen— 301  Clay  St.— San  Francisco,  Calif. 
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(CMtlnu«4) 


BrMk  AmHIflw  M«d«l  10C3-A. 

Medium-gain  input  for  tuners, 
and  high-gain  input  with  internal 
equaliaation  for  high-quality  pick¬ 
ups  such  as  Pickering,  G-E, 
Audak  etc. 


An  Amplifier  Which  Gives  New  Meaning 
To  High  Quality  Audio  Reproduction 


So  outstanding  is  the  Brook  All-Triode  Amplifier  that  new  engineer¬ 
ing  and  listening  standards  must  be  applied  to  evaluate  its  remarkable 
performance. 

From  an  engineering  standpoint,  it  is  notable  in  the  fact  that  distortion 
has  been  reduced  to  the  vanishing  point . . .  far  lower  than  in  any  amplifier 
using  pentodes  or  beam-power  tubes.  From  a  listening  standpoint,  it  is 
notable  because  of  its  ability  to  reproduce  fine  music  with  a  degree  of 
fidelity  never  before  achieved  outside  the  laboratory. 

No  matter  what  the  basis  for  comparison,  the  performance  of  the  Brook 
Amplifier  is  unparalleled.  Hear  one  at  your  earliest  opportunity. 

Full  technical  description  will  be  mailed  without  obligation.  Write 
today  for  Bulletin  BD-8! 

1  EXCLUSIVE  BROOK  FEATURES 

TRIODES  THROUGHOUT!  It  is  a  well  known  fact 
among  experienced  audio  engineers  that 
triodes  of  low  amplification  factor  are  essen¬ 
tial  if  minimum  distortion  is  to  be  obtained. 

(Although  their  use  is  costly  compared  with 
pentodes,  triodes  are  used  in  all  stages  of 
the  Brook  Amplifier. 

SPECIAL  TRANSFORMERS.  Transformers  used  in 
all  Brook  models  are  completely  free  from 
saturation  or  leakage  reactance  effects  from 
25  to  20,000  cycles  at  any  power  up  to 
maximum.  They  are  manufactured  to  our 
specifications,  and  are  available  in  no  other 
amplifier. 

AUTOMATIC  BIAS  CONTROL.  ABC  is  a  Brook- 
>  patented  circuit  feature  which  more  than 
1 1  doubles  the  power  output  and  efficiency  of 
I  >  the  output  system,  and  at  the  same  time  re- 
duces  harmonic  distortion.  It  is  a  principle 
1 1  factor  in  achieving  the  remarkably  low  dis- 

Jtortion  which  is  characteristic  of  the  Brook 
Amplifier. 

DEALERS  —  CUSTOM  BUILDERS 

If  you  serve  a  quality  conscious  clientele,  you  can  add  to  your  profits  and 
prestige  with  the  Brook  All-Triode  Amplifier.  Normal  discounts  apply.  Inquire. 


SPECIFICATIONS 

■jr  Frequency  response  flat  within 
fwo-tenths  DB  from  20  to  20,000  cycles. 


ir  Both  Intermodulation  and  harmonic 
distortion  reduced  to  negligibility 
(Exact  figures  shown  in  technical  sheet). 


if  Rated  output  30  watts. 


'A  Bass  and  treble  compensation— two- 
stage  R-C  network.  Bass  boost  as  much 
as  13  DB  without  boominess. 


Ar  Gain-SS  to  120  DB  in  various  models. 


if  Impedances  —  Input,  0.5  megohm 
standard,  others  available.  Output,  I.S 
to  30  ohms,  with  separate  500-ohm 
winding. 


comparison  between  waveform  of 
the  original  sound  and  that  heard 
by  the  pig.  The  effect  of  various 
drugf^  on  the  nervous  system  may 
thus  be  tested. 

Watching  some  experiments  in 
Rahway  we  noted  that  if  one 
talked  at  a  pig  so  wired  for  sound 
he  made  a  pretty  good  microphone. 

Vemier-Scale  Dial  designed  by 
a  subscriber  out  in  Ohio  facilitates 
accurate  readings  by  passing  light 
from  a  back-of-panel  lamp  through 
small  holes  or  slots  used  in  lieu 
of  or  in  addition  to  the  usual  grad¬ 
uation  marks.  The  scheme  seems 
particularly  adaptable  to  high- 
class  instruments,  and  should  have 
considerable  eye  appeal.  Name 
and  address  on  request  to  anyone 
interested  in  manufacturing 
rights. 

Office  of  Naval  Research  finan¬ 
cial  obligations  contracted  during 
the  fiscal  year  ending  June  30, 
1947  totalled  $59,200,000.  This 
was  broken  down  as  follows: 


Research  Division  . 128,500,000 

Naval  Research  Lab .  17,500,000 

Special  Devices  Center. . .  11,700,000 

Administration  .  1,500,000 


ONR  personnel,  officers,  enlisted 
men  and  civilians,  totalled  4,117 
broken  down  as  follows: 


Naval  Research  Lab . 8,232 

Office  of  Naval  Research .  286 

Special  Devices  Center .  405 

U.  S.  Branch  Offices .  13$ 

Underwater  Sound  Ref,  Lab....  38 

London  Branch  Office .  20 


Estimates  for  1948  are  not  yet 
available. 

Hotel  Survey  among  operators 
of  5,700  buildings  indicates  that 
$6,850,000  is  being  spent,  or  will 
be  spent  in  the  next  few  months, 
for  radio  and  television  equip¬ 
ment.  C.  A.  Horrworth  of  the 
American  Hotel  Association  is  the 
authority. 

Even  Our  Expert  Draftsmen 
make  mistakes  once  in  awhile.  We 
had  to  reletter  the  circuit  of  an 
electronic  organ  the  other  day 
before  making  a  cut  because  it 
contained  the  words  soft-shell  crab. 
It  should  have  read  soft-swell  tab. 

Smart  Merchandising  Trick  used 
by  Hermon  Hosmer  Scott  involves 
sending  a  special  test  record  along 
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with  every  broadcast-station  model 
Dynamic  Noise  Suppressor  (Elec- 
litONicS,  p  96,  Dec.  1947)  sold.  Tlie 
purchaser  is  told  in  an  instruction 
sheet  how  to  adjust  the  controls  for 
best  results,  using  the  record  as  a 
standard  signal  source. 

Here’s  an  idea  readily  applicable 
to  other  electronic  apparatus  com¬ 
monly  misused  by  new  customers. 


Facsimile  Broadcasting  is  un- 
derging  test  by  newspapers  in 
Miami,  Philadelphia,  and  New 
York  owning  f-m  stations.  Initial 
programs  feature  stock-market  re¬ 
ports  and  news  of  primary  interest 
to  business  executives.  Orders  for 
experimental  transmitting  and  re¬ 
ceiving  equipment  have  also  been 
placed  with  several  facsimile 
manufacturers  by  newspapers  .in 
Akron,  Atlanta,  Baltimore,  Des 
Moines,  Hartford,  New  Bedford 
(Mass.)  and  St.  Louis. 


Receiving-Tube  Sales  by  RMA 
members  totalled  199,533,827  in 
1947,  as  against  205,217,174  in 
1946.  New  equipment  used  131,- 
986,468  tubes,  replacement  43,- 
530,058,  export  23,184,172  and  gov¬ 
ernment  agencies  833,129. 


and  bleaching  of  special  cloth  is  part 
of  Arkwright’s  exhaustive  system  of 
standards,  tests  and  inspections — to 
prevent  pinholes,  thick  threads  and 
the  many  other  things  that  cause 
spoiled  tracings,  lost  time. 

Why  not  try  Arkwright  and  see 
for  yourself  what  a  difference  there 
is.’  Send  for  free  working  samples. 
Arkwright  Finishing  Company, 
Providence,  R.  I. 


.  .  but  that  was  before  the  boss 
discovered  there  was  a  difference  in 
tracing  cloths.  Ink  just  can’t  help 
creeping  and  feathering  when  you 
use  a  French  curve,  if  the  tracing 
cloth  has  a  poor  surface.” 

Arkwright  gives  you  the  kind  of 
surface  that  practically  assures  razor- 
sharp  lines.  Oil,  wax  and  soap-free 
mechanical  processing  assures  uni¬ 
form  capillarity.  Even  the  weaving 


Taken  For  Granted  is  the  im¬ 
portance  of  radio  aboard  ships  at 
sea,  so  much  so  that  little  has  been 
written  about  marine  gear  in  re¬ 
cent  years.  Oldtimers  in  particu¬ 
lar  will  be  interested  in  a  yarn  on 
the  subject  now  being  readied  for 
publication  in  Electronics. 


All  Arkwright  Tracing  Cloths 
have  these  6  important  advantages 

1  Erasures  re-ink  without  ''feathering” 
or  "creeping”. 

2  Prints  are  always  sharp  and  clean 

3  Tracings  never  discolor  or  become 
brittle 

4  No  surface  oils,  soaps  or  waxes  to 
dry  out 

5  No  pinholes  or  thick  threads 

6  Mechanical  processing  creates  per¬ 
manent  transparency 


Also  In  Preparation  is  a  descrip¬ 
tion  of  special  transmitting  and 
receiving  antennas  for  the  Citi¬ 
zens’  Radio  Service,  part  of  our 
article  series  on  the  subject.  And 
a  wad  of  fundamental  data  about 
electronic  calculators. 


Johns-Manville  Lab  over  in  New 
Jersey  is  equipped  with  four  color- 
coded  pipelines  that  carry  air, 
vacuum,  gas  and  water  to  every 
experimental  bench.  Visiting  there 
recently,  we  noted  that  some  wag 
had  chalked  on  one  of  his  spigots 
the  words  Birch-Beer. 


smen 


Definition:  A  project  is  work  that 
takes  twice  as  many  men  twice  as 
long  to  complete  as  a  job. 


AMERICA’S  STANDARD  FOR  OVER  25. YEARS 
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Operating  Room  Oauze  Is  IVot  Pure  Enough 
For  This  MALLORY  CAPACITOR! 


FP  Capacitors  are  ideal  for  vertic&l  mounting  and  contain  the  famous  Mallory 
''Fabricated  Plate”  anodes.  They  give  equivalent  capacity  and  voltage  in 
less  space.  Their  pure  internal  construction  and  tightly  sealed  cases  make 
them  ideal  for  tropical  use. 


Buy  Mallory  Assured  Quality  at  Regular  Price  Levels 


The  chloride  content  of  the  gauze  used  in  making  Mallory  FP  Capacitors 
is  less  than  one-half  of  one  part  per  million!  To  accomplish  this,  Mallory 
demands  more  thorough  purification  than  is  required  for  the  gauze  used 
in  hospitals! 

Purity  for  Longer  Shelf-Life 

Due  principally  to  this  precaution,  Mallory  FP  Capacitors  stubbornly  resist 
deterioration  on  the  shelf  or  in  storage.  Cases  are  on  record  w  here  Mallory 
Capacitors  have  proved  ready  for  use  without  re-aging  after  more  than 
six  years  in  storage. 

Useful  in  Television  and  FM  Sets 


Yours  for  the  asking  ! 


Send  for  the  Mallory  Capacitor 
Catalog,  which  contains  useful 
data  on  all  types  of  Mallory 
Capacitors — sizes,  electrical 
characteristics,  test  measure¬ 
ments,  mounting  hardware. 


IMLLVIBkcapacitors 

(ELECTROLYTIC,  OIL  and  WAX) 


70 
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Jones  H.  McGrow,  Sr 
1860-1948 


JAMES  H.  McGraw,  Sr.,  founder  of  the  McGraw-  companies,  merged  in  1909  to  form  the  McGraw-Hill 
Hill  Publishing  Company,  for  many  years  its  Book  Company,  constitute  the  largest  technical  book 
guiding  light  and  an  outstanding  figure  in  the  publishing  house  in  the  world, 
publishing  world,  died  at  the  age  of  88  on  February 
21  in  San  Francisco. 

Mr.  McGraw  was  a  distinguished  product  of  our 
system  of  free  enterprise,  of  the  era  when  strong  men 
single-handedly  and  on  shoestrings  founded  strong 
enterprises.  Starting  out  in  life  as  a  normal-school 
principal,  he  exchanged  this  career  for  one  in  the 
publishing  world  64  years  ago,  selling  subscriptions  to 
The  American  Journal  of  Railway  Applianees.  When, 
at  the  end  of  two  years,  his  employers  owed  him  $1,500 
he  borrowed  money  to  bolster  the  company,  becoming  a 
vice-president 


Mr.  MeGRAW’s  attitum:  toward  the  technical  pub¬ 
lishing  field  in  general  and  toward  his  own 
papers  in  particular  was  always  interesting  and  inspir¬ 
ing.  He  was  the  first  in  this  field  to  publish  accurate 
figures  showing  the  circulation  of  his  papers;  he  was 
a  firm  believer  that  his  properties  had  to  be  leading 
papers  in  the  areas  in  which  they  operated,  that  his 
editors  had  to  be  experts  in  those  areas,  that  the  first 
job  of  any  technical  journal  was  to  perform  a  truly 
valuable  editorial  service. 

His  success  can,  perhaps,  be  laid  primarily  to  his 
firm  belief  in  individual  initiative,  in  imaginative 
publishing,  in  editorial  integrity,  and  to  a  supreme 
dissatisfaction  with  present  effort,,  no  matter  how 
good  it  might  be  at  the  moment.  Publishing  leader¬ 
ship,  in  his  opinion,  was  built  upon  an  intimate  know¬ 
ledge  of  the  field. 


WHEN  Thomas  A.  Edison’s  electric  car  was 
demonstrated  Mr.  McGraw  left  his  partners  and 
founded  his  own  paper.  Street  Railway  Journal.  By 
1901  he  had  become  so  sure  electricity  was  here  to  stay 
that  he  acquired  Electrical  World.  Soon  he  added 
Engineering  Record  and  Chemical  and  Metallurgical 
Engineering.  Out  of  his  experience  in  the  electrical 
field  came  Radio  Retailing  and,  later.  Electronics. 

In  1916  the  Hill  publications.  Power,  American 
Machinist,  Coal  Age,  Engineering  and  Mining  Journal 
and  Engineering  News,  were  acquired.  The  McGraw- 
Hill  organization  expanded  in  the  national  scene,  with 
many  business  and  engineering  periodicals.  Con¬ 
tinuing  to  grow,  the  company  today  publishes  26 
national  and  eight  international  magazines.  More¬ 
over,  the  book  departments  of  the  McGraw  and  Hill 


Mr.  McGraw’s  ideals  were  passed  on  to  his  four 
sons;  James  H.  McGraw,  Jr.,  now  president  and 
chairman  of  the  Board;  Harold  W.  McGraw,  vice-presi¬ 
dent  in  charge  of  the  McGraw-Hill  Building  in  New 
York;  Curtis  W.  McGraw,  senior  vice-president  and 
treasurer;  and  Donald  C.  McGraw,  vice-president  in 
charge  of  manufacturing. 

Under  their  guidance  the  stafif  carries  on  Mr. 
McGraw’s  traditions. 


WNBT 


Photo  oi  tost  pottorn  on  12  x  IS-lnch 
■croon  of  toloTision  lOCoiTor  using  new 
pro]oction  box.  showing  325-lino  horizon¬ 
tal  rosolution.  350-llno  Tortical  rooolntion. 
goomotric  proportios  and  roprodnctton  oi 
gradations  from  wUto  to  black 


By  H.  8.  BOYLE 
and 

E.  B.  DOLL 

yorth  American  Philips  Co.,  Inc. 
New  York  and  Dohbs  Ferry,  N.  Y. 


Compact  PROJECTION 


POSTWAR  commercial  television 
experience  has  emphasized  the 
desirability  of  larger  pictures  than 
can  at  present  be  produced  by  di¬ 
rect-viewing  tubes  of  convenient 
size. 

The  alternative  method  of  pro¬ 
ducing  a  large  television  picture 
by  optical  projection  of  the  picture 
formed  on  a  small  cathode-ray  tube 
has  always  held  interesting  possi¬ 
bilities.  However,  enough  light 
must  be  projected  from  the  tube 
face  to  yield  a  satisfactory  view¬ 
ing-screen  brightness.  This  sets 
certain  limitations  on  the  minimum 
practicable  tube  size  and,  at  the 
same  time,  demands  a  large-aper¬ 
ture  optical  system  to  utilize  effi¬ 
ciently  the  available  light.  Here¬ 
tofore,  such  projection  systems 
have  not  greatly  reduced  the  space 
required  below  that  necessary  for 
large  direct-viewing  tubes,  al¬ 
though  somewhat  more  freedom  is 
allowed  in  the  disposition  of  that 
space. 

In  order  to  obtain  a  sufficiently 
bright,  well  defined,  enlarged  pic¬ 
ture  from  a  small  cathode-ray  tube, 
an  acceleration  voltage  considerably 
in  excess  of  that  used  for  direct- 
viewing  tubes  is  required.  The 
generation  of  this  high  voltage 
presents  engineering  and  manufac- 


Special  2.5-inch  diameter  c-r  tube  dereloped  for  use  in  projection  box 


advantages  of  the  projection 
method  are  realized  to  a  greater 
extent  than  has  heretofore  been 
practicable.  The  system  consists 
of:  (1)  a  2.5-inch  projection  tube; 

(2)  an  optical  projection  unit,  in¬ 
cluding  deflection  and  focus  coils; 

(3)  a  25-kilovolt  high-voltage  sup¬ 
ply.  A  large  television  picture,  12 
X  16  inches,  is  produced  with  satis¬ 
factory  brightness,  contrast,  and 
resolution. 

This  integrated  system  is  so  de¬ 
signed  that  circuit  requirements 
may  be  satisfied  by  a  10-inch  tele¬ 
vision  receiver  chassis,  such  as  is 


turing  problems  which  partially  re¬ 
duce  the  potential  economies  of  the 
projection  method.  In  many  cases 
the  ultimate  picture  quality  will 
depend  to  a  large  degree  upon  the 
characteristics  of  the  high-voltage 
supply.  In  addition,  the  energy 
required  to  deflect  the  high-velocity 
electron  beam  generally  involves 
the  use  of  additional  circuit  com¬ 
ponents. 

Further  development  of  a  projec¬ 
tion  television  system  described 
elsewhere'  has  resulted  in  a  com¬ 
pact  and  efficient  system  known  as 
Protelgram,  in  which  the  potential 
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CompUt*  proiection  box.  showing  mothod  of  adiusting  focus 


Pulso-typo  25.000  Tolt  power  supply 


TELEVISION  SYSTEM 


Triangular  arrangement  of  Schmidt  optical  system  permits  design  of  compact  projection 
box  using  2.5-inch  cathode-ray  tube  and  giving  12  x  16-inch  picture.  Corrector  lens  is  made 
from  gelatin  sealed  between  glass  plates.  Pulse-type  25-kv  voltage-tripling  power  supply 
uses  special  control  circuit  to  improve  regulation 


mination  for  the  12  X  16-inch  pro¬ 
jected  picture. 

The  projection  tube  has  an  over¬ 
all  length  of  10.5  inches,  and  a  neck 
outside  diameter  of  0.875  inch.  Be¬ 
cause  of  the  narrow  neck  and  the 
moderate  deflection  angle  of  only 
40  degrees,  the  deflection  sensitiv¬ 
ity  is  comparable  to  that  of  a  mag¬ 
netic  direct-viewing  tube  (10BP4) 
operating  at  9  kilovolts,  even 
though  the  acceleration  potential 
is  25  kilovolts. 

The  triode  magnetic  gun  results 
in  a  simple  though  necessarily  pre¬ 
cise  assembly  which  is  selfsupport¬ 
ing  within  the  narrow  glass  neck, 
A  unique  internal  shield  equalizes 
the  potential  distribution  within 
the  tube,  permitting  the  use  of  a 
high '•  'acceleration  potential  in  a 
small  envelope  without  difficulties 
due  to  internal  flash -over  or  spot 
distortions  due  to  accumulated  elec¬ 
trostatic  wall  charges. 


The  tube  face  plate,  on  which 
the  phosphor  screen  is  deposited, 
must  be  an  accurately  defined 
spherical  surface  to  meet  the  re¬ 
quirements  of  the  Schmidt  optical 
system  with  which  the  tube  is  used. 
The  face  plate  is  formed  by  a  pre¬ 
cise  molding  process  which  requires 
no  later  grinding  or  polishing  op¬ 
erations.  After  the  face  plate  is 
sealed  to  the  cone  of  the  tube  the 
fluorescent  screen  is  applied  and 
aluminized.  The  metal-backed 
screen  eliminates  the  need  for  an 
ion  trap.  Aluminizing  also  increases 
both  brightness  and  contrast,  in 
addition  to  providing  a  more  stable 
picture  due  to  the  greater  electrical 
conductivity  of  the  aluminized 
screen.  A  blend  of  several  phos¬ 
phor  powders  is  used  to  produce 
light  having  a  color  temperature 
of  about  6,200  degrees  Kelvin,  rep¬ 
resenting  a  visually  pleasing  shade 
of  white.  The  color  is  independent 


used  with  a  type  10BP4  cathode- 
ray  tube. 


Proiection  Tube 

A  small  projection  cathode-ray 
tube  leads  to  a  substantial  saving 
in  the  cost  and  size  of  the  optical 
components  necessary  in  the  asso¬ 
ciated  projection  unit.  To  obtain 
satisfactory  resolution  and  bright¬ 
ness  for  the  desired  12  x  16-inch 
projected  picture,  a  2.5-inch  diame¬ 
ter  tube  face  represents  the  mini¬ 
mum  practicable  size.  The  use  of 
magnetic  focus,  magnetic  deflection 
with  a  moderate  deflection  angle, 
and  an  acceleration  potential  of  25 
kilovolts  permits  the  design  of  an 
electron  gun  which  produces  a 
0.003-inch  diameter  spot  at  the  tube 
face.  This  spot  permits  adequate 
resolution  of  the  1.4  X  1.86-inch, 
525-line  television  image  formed 
on  the  tube  face.  The  2.5-inch  tube 
face  also  provides  sufficient  illu- 
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of  focus  conditions  or  hisrhlight 
brightness,  a  desirable  character¬ 
istic  in  any  cathode-ray  tube  used 
for  television. 

Bombardment  of  the  face  plate 
by  the  26-kilovolt  electron  beam 
produces  soft  x-rays  which  are  well 
absorbed  by  the  projection  box. 

However,  objectionable  discolora¬ 
tion  of  the  face  plate  is  produced 
in  time  if  it  is  made  of  one  of  the 
glasses  normally  used  for  cathode- 
ray  tube  construction.  A  special 
glass  is  used  for  the  face  plate  to 
reduce  the  x-ray  discoloration  to 
negligible  proportions.  ing  screen  gives  a  satisfactory  amount  of  light  is  intercepted  by 

The  high-voltage  connection  is  projected  picture  brightness.  the  light  source.  When  using  a 

recessed  in  a  conical  glass  cup  small  cathode-ray  tube  the  neces- 

which  materiaUy  increases  the  leak-  Projection  Box  accessories,  such  as  deflection 

age  paths,  and  no  corona  or  flash-  A  linear  optical  magnification  of  yoke,  focus  coil,  and  mounting  sup- 
overs  occur  when  a  close-fitting  8.6  is  required  to  produce  the  12  X  ports,  are  likely  to  have  a  larger 

molded  plastic  high-voltage  cable  16-inch  picture  projected  from  the  cross-section  than  the  tube  face, 
terminal  is  used.  The  outer  walls  small  image  formed  on  the  tube  thus  making  it  desirable  to  use  an 
of  the  tube  neck  and  cone  are  main-  face.  To  obtain  an  efficient,  com-  arrangement  in  which  these  ac- 
tained  at  ground  potential  by  pact  optical  unit  of  moderate  cost,  cessories  are  removed  from  the 
means  of  an  Aquadag  coating  and  a  modified  version  of  the  well-  light  path.  The  solution  adopted 
ground  clips.  This  shield  and  the  known  Schmidt  optical  system  is  involves  the  addition  of  an  oblique 
aluminum  film  on  the  internal  sur-  employed.  The  optical  elements  of  plane  mirror  between  the  corrector 
face  of  the  tube  form  an  approxi-  the  modified  Schmidt  system,  lens  and  the  concave  mirror  so  that 
mately  300-w*f  capacitance  that  mounted  in  a  triangular  array,  con-  the  optical  path  is  folded,  as  shown 
serves  as  the  final  filter  capacitor  stitute  one  portion  of  the  projection  in  Fig.  1.  This  assembly  of  con¬ 
fer  the  high-voltage  supply.  box.  The  remainder  of  the  box  cave  mirror,  plane  mirror,  and  cor- 

Under  normal  picture  conditions,  consists  of  a  removable  mounting  rector  lens  forms  the  optical  tri- 
the  average  beam  current  is  90  and  alignment  assembly  which  sup-  angle  referred  to  above.  The  tube 
microamperes,  with  highlight  peaks  ports  the  projection  tube,  deflection  face  protrudes  through  an  elliptical 
of  more  than  600  microamperes,  yoke,  and  focus  coil.  This  also  pro-  hole  in  the  plane  mirror.  The 
The  highlight  brightness  of  the  vides  means  for  adjustment  of  tube  masking  factor  is  reduced  to  prac- 
1.4  X  1.86-inch  picture  is  about  position  to  obtain  a  correctly  tically  that  of  the  tube  face  alone 
8,000  foot-lamberts,  which  in  con-  focused  projected  picture.  since  the  accessories  are  located 

junction  with  the  wide-aperture  In  any  projection  system  utiliz-  behind  the  plane  mirror,  outside 
optical  system  and  a  suitable  view-  ing  reflective  optics  a  certain  the  optical  path.  In  addition,  this 


BLOCKING  OSOLLATOR 


DRIVER  AMPLIFIER 


FIG.  3 — Circuit  of  puuo-tTpo  ▼ollago>tripling  powor  supply  proTiding  25.000  Tolti  d-c 
for  Mcond  onodo  of  cothodo-roy  tub* 


FIO.  1 — Cron-Mclion  of  proloetion  box,  abowing  opticcd  tricraglo  fonnod  by  con- 
eoTO  mirror,  eorroctor  loiu,  ond  plomo  mirror 


FIG.  t — Mothod  of  moldiag  eorroctor  loni 
from  golertfai 
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left  with  a  hard  gelatin  layer  the  on  the  tube  face  if  other  means  of 
surface  of  which  is  an  i»>fold  centering  are  employed.  Because 

duction  of  the  original  mold,  and  of  the  small  tube  neck  and  the  par- 
therefore  has  the  desired  aspher-  ticular  mounting  arrangement,  a 
ical  corrector  lens  contour.  The  special  deflection  yoke  and  focus 
plate  is  then  sealed  to  a’  second  coil  are  used.  These  items  have 
glass  plate,  as  shown  in  Fig.  2B,  been  designed  to  be  identical,  in 
gi^ng  a  finished  corrector  lens  electrical  characteristics  and  power 
which  will  withstand  all  normal  sensitivity,  to  the  conventional 
handling  encountered  in  mounting  units  used  for  direct- viewing  tubes, 
and  cleaning.  Since  the  Schmidt  optical  sys- 

It  is  readily  seen  that  the  ex-  tern  has  a  very  short  depth  of 
panded  mold  scale  makes  the  mold  focus,  the  spherical  tube  face  must 
much  easier  to  construct  to  the  be  precisely  located  within  the 
required  accuracy  and  finish  when  fixed.optical  triangle  to  obtain  sat- 
n  has  a  value  considerably  greater  isfactory  resolution  on  the  viewing 
than  unity.  An  additional  advan-  screen.  To  compensate  for  the  nor- 
tage  is  derived  from  the  fact  that  mal  dimensional  tolerances  involved 
a  change  in  initial  gelatin  solution  in  the  manufacture  of  both  the 
concentration  permits  the  prepara-  projection  box  and  the  tube,  means 
tion  of  corrector  lenses  of  different  are  provided  on  the  mounting  and 
strengths  from  a  single  mold  in  alignment  assembly  to  accurately 
case  it  is  desired  to  change  the  adjust  the  tube  face  to  its  required 
optical  magnification  of  an  exist-  position.  A  spherical  cap  permits 
ing  Schmidt  system.  small  rotational  movements  about 

The  mounting  and  alignment  as-  the  nominal  center  of  the  tube  face, 
sembly  of  the  projection  box  in-  thus  causing  no  motion  of  ths 
eludes  the  deflection  yoke  and  focus  projected  picture  on  the  viewing 
coil.  The  conical  section  of  the  screen  during  adjustment.  Thumb- 
tube  seats  firmly  in  the  molded  screw  adjustments  provide  move- 
phenolic  deflection  yoke  form,  and  ment  over  the  spherical  surface  ir 
the  tube  is  anchored  by  a  clamp  addition  to  a  longitudinal  move- 
near  the  tube  base.  Means  are  ment  which  serves  as  the  principa 
provided  for  tilting  the  focus  coil  optical  focus  control, 
with  respect  to  the  tube  axis  to  After  the  tube  is  mounted  anc 
serve  as  a  centering  control,  or  to  the  high-voltage  cable  connected 
adjust  for  optimum  spot  resolution  the  alignment  and  assembly  heac 


arrangement  permits  a  compact 
optical  unit  which  is  unusually 
adaptable  to  a  variety  of  receiver 
cabinet  designs. 

The  small  tube  face  permits  a  * 
wide-aperture  optical  system  to  be 
realized  by  the  use  of  relatively 
small  components.  The  concave 
mirror  is  only  6  inches  in  diameter 
and  has  a  focal  lengrth  of  4  inches, 
while  the  corrector  lens  has  a  di¬ 
ameter  of  4.5  inches.  The  numer¬ 
ical  aperture  (sine  of  the  half-angde 
subtended  by  the  concave  mirror 
at  the  center  of  the  tube  face)  of 
the  system  is  0.62,  and  the  overall 
optical  efficiency  is  15  percent  after 
allowing  for  masking,  reflection, 
and  transmission  losses.  The  re¬ 
quired  linear  magnification  of  8.6 
is  obtained  at  a  projection  throw 
of  31  inches  from  the  corrector 
lens. 

Since  no  hole  is  required  at  the 
center  of  the  corrector  lens,  a  sim¬ 
ple  and  convenient  means  is  avail¬ 
able  for  adjusting  it  to  its  correct 
position  at  the  reflected  center  of 
curvature  of  the  concave  mirror. 
A  small  V  is  molded  at  the  center 
of  the  corrector  lens.  The  adjust¬ 
ment  is  correct  when  the  tip  of  the 
V  coincides  with  that  of  the  re¬ 
flected  image  from  the  concave 
mirror.  It  is  not  necessary  to  re¬ 
move  the  corrector  lens  for  picture- 
tube  replacement,  and  the  precise 
adjustment  of  the  optical  triangle 
can  be  permanently  fixed  at  the 
factory. 

The  aspherical  corrector  lens  is 
manufactured  by  an  interesting 
and  simple  process.  A  mold  is  pre¬ 
pared  to  the  exact  radial  dimen¬ 
sions  of  the  desired  aspherical 
contour  but  with  the  depth  of  con¬ 
tour  exaggerated  by  some  chosen 
factor,  n.  A  piece  of  polished  plate 
glass  is  placed  over  the  mold  and 
the  combination  is  heated,  after 
which  a  100/w  percent  solution  of 
gelatin  in  water  is  injected  between 
the  mold  and  the  glass,  as  indi¬ 
cated  in  Fig.  2A.  Upon  cooling, 
the  gelatin  solution  solidifies  and 
adheres  to  the  glass  plate  when 
removed  from  the  mold.  When  the 
water  evaporates,  the  layer  of  gela¬ 
tin  shrinks  only  perpendicular  to 
the  surface  of  the  glass,  since  the 
strong  adhesion  prevents  any  tan¬ 
gential  shrinkage. 

After  drying,  the  glass  plate  is 


Interior  of  proiocUon  box.  showing  c-r  tubo  at  loft,  concoro  mirror  at  right,  corroetor 
Ions  at  top.  and  piano  mirror  mounted  on  4S-degree  slont 
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required  25-kilovolt  output  voltage. 
This  voltage  multiplier  is  of  the 
cascade  type  where  both  the  posi¬ 
tive  and  negative  peaks  of  the  tran¬ 
sient  'oscillation  are  used  to  develop 
the  final  high  voltage.  The  small 
rectifier  tubes  are  of  special  design, 
measuring  1.5  inch  long  x  0.5  inch 
in  diameter  and  having  a  peak  cur¬ 
rent  rating  of  165  ma,  with  a  heater 
requirement  of  0.5  watt. 

The  reqtifier  heaters  are  ener¬ 
gized  from  the  high-voltage  trans¬ 
former  by  extra  secondary  wind¬ 
ings.  In  order  to  obtain  sufficient 
heater  power  for  the  rectifier  diodes 
at  a  low  total  i)ower  input,  the  losses 
of  the  resonant  circuit  have  been 
reduced  by  using  a  shell-tsrpe  core 
of  Ferroxcube  III*,  a  new  ferromag¬ 
netic  ferrite,  for  the  high-voltage 
transformer.  The  use  of  this  core 
material  also  permits  a  very  com¬ 
pact  transformer. 

Power  supplies  of  this  type  gen¬ 
erally  have  a  relatively  high  in¬ 
ternal  resistance.  In  special  cases 
a  low  internal  resistance  can  be  ob¬ 
tained,  but  this  involves  operation 
at  very  low  input  efficiency.  As  was 
pointed  out  above,  a  good  load  volt¬ 
age  regulation  characteristic  is  nec¬ 
essary  to  realize  the  full  capabilities 
of  a  projection  television  system. 

The  internal  resistance  of  this 
power  supply  is  lowered  appreciably 
by  an  interesting  control  circuit.  An 
extra  winding  is  placed  on  the  high- 
voltage  transformer  and  the  voltage 
induced  in  this  winding  is  rectified 
by  the  diode  section  of  the  6SR7 
tube  to  regulate  automatically  the 
control  grid  bias  on  the  driver  tube. 
The  peak  plate  current  of  the  driver 
tube  may  be  controlled  by  adjusting 
its  grid  bias,  since  the  amplitude  of 
the  driving  sawtooth  voltage  re¬ 
mains  constant.  By  the  use  of  this 
control  circuit,  which  incorporates 
a  delay  bias  on  the  feedback  recti¬ 
fier,  an  effective  internal  resistance 
of  7  megohms  is  obtained  at  the 
output  of  the  voltage  multiplier, 
making  possible  the  performance 
curves  of  Fig.  4. 

The  normal  projection  tube  aver¬ 
age  beam  current  required  is  90 
microamperes,  but  the  high-voltage 
supply  is  capable  of  delivering  150 
microamperes  with  excellent  regu¬ 
lation  to  satisfy  the  beam-current 
demand  on  bright  pictures.  The 
highlight  peak  current  demands  are 


a  sawtooth  voltage  which  is  ap¬ 
plied  to  the  control  grid  of  the 
6BG6G  driver  tube.  Since  the 
driver  tube  is  biased  beyond  cut¬ 
off,  its  plate  current  flows  in  saw¬ 
tooth  pulses  corresponding  to  the 
peaks  of  the  input  grid  signal. 
Assuming  that  the  plate  load  in¬ 
ductance  L  is  shunted  by  a  stray 
capacitance  C,  the  peak  voltage 
of  the  transient  oscillation 
caused  by  the  periodic  interrup¬ 
tions  of  peak  plate  current  /«  may 
be  deduced  from  the  expression 
0.5  Lln,^  =  0.5  C£'«*,  which  equates 
the  energy  stored  in  the  inductance 
at  the  moment  of  interruption  to 
the  energy  stored  in  the  shunt 
capacitance  at  the  first  peak  of  the 
transient  oscillation.  This  leads  to 
E^  =  /«  \/LlC  for  the  peak  voltage 
value. 

By  tapping  the  plate  of  the  driver 
tube  down  on  the  plate  load  induc¬ 
tance,  the  peak  output  voltage  can 
be  increased  for  a  given  maximum 
peak  plate  potential.  However,  a 
practical  limitation  exists  on  this 
step-up  ratio,  since  increasing  the 
inductance  also  increases  the  stray 
capacitance.  In  this  power  supply, 
the  plate  tap  includes  approxi¬ 
mately  70  percent  of  the  turns  on 
the  primary  of  the  high-voltage 
transformer. 

It  may  be  shown  that  the  inter¬ 
ruption  frequency  for  a  pulse  power 
supply  of  this  type  is  given  by 
F«  =  o  {Eb  —  E,)/Li^f  where  a  is 
the  fraction  of  the  total  time  dur¬ 
ing  which  driver  plate  current 
flows,  Eb  is  the  plate  supply  poten¬ 
tial,  and  E,  is  the  minimum  plate 
voltage  required  to  produce  the 
maximum  plate  current  in  the 
driver  tube. 

To  obtain  good  input  power  effi¬ 
ciency,  this  power  supply  uses  a 
plate  supply  of  350  volts  and  a 
repetition  rate  of  1,000  cps.  The 
transient  oscillation  frequency  is 
25,000  cps.  Although  the  peak  plate 
current  is  approximately  175  ma 
and  the  average  plate  current  re¬ 
quired  is  about  25  ma  under  normal 
operating  conditions,  a  type  6BG6G 
driver  tube  is  used  to  withstand  the 
high  transient  plate  voltage  peaks. 

Because  of  the  practical  limita¬ 
tions  on  the  peak  voltage  ratings  of 
the  transformer,  the  driver  tube, 
and  the  rectifier  tubes,  a  voltage 
tripler  circuit  is  used  to  produce  the 


is  secured  to  the  fixed  optical  tri¬ 
angle  by  additional  thumbscrews. 
The  Assembled  projection  unit  is 
dustproof,  which  assures  long  life 
of  the  front-surface  mirrors.  The 
controls  described  above  permit 
rapid  and  precise  adjustment  of 
the  final  projected  picture  to  sharp 
optical  focus,  using  the  television 
image  on  the  tube  face  as  the  light 
source.  This  adjustment  is  re¬ 
quired  only  when  the  cathode-ray 
tube  is  replaced.  The  projection 
box  optics  are  capable  of  1,000-line 
resolution  (television  terminology) 
which  is  more  than  adequate  for 
the  projection  of  a  525-line  televi¬ 
sion  image. 


High-Voltage  Unit 

The  general  applicability  and 
performance  of  a  projection  televi¬ 
sion  system  depends  to  a  large 
degree  upon  the  electrical  and  phys¬ 
ical  characteristics  of  the  high- 
voltage  supply.  Desirable  charac¬ 
teristics  include  good  regulation, 
small  size,  versatile  mounting 
possibilities,  low  input  power  re¬ 
quirement,  and  freedom  from 
corona  and  other  difficulties  over  a 
wide  range  of  ambient  tempera¬ 
ture  and  relative  humidity  condi¬ 
tions. 

Good  output  voltage  regulation 
is  necessary  to  assure  a  stable  pic¬ 
ture  of  high  resolution,  since  the 
normal  variations  in  picture  con¬ 
tent  cause  the  average  beam 
current  of  the  projection  cathode- 
ray  tube  to  vary  between  rather 
wide  limits.  In  many  cases  the 
ultimate  projected  picture  quality 
and  size  stability  are  determined 
primarily  by  the  effective  internal 
resistance  of  the  high-voltage  sup¬ 
ply. 

The  high-voltage  unit  of  this 
projection  system  satisfies  these 
requirements  and  has  a  remarkably 
good  load  voltage  regulation  char¬ 
acteristic  which  materially  in¬ 
creases  the  quality  of  the  projected 
picture.  In  addition,  this  high- 
voltage  supply  causes  no  radiation 
interference  with  its  associated 
television  receiver  or  with  adjacent 
television  and  radio  receivers. 

A  pulse-type  high-voltage  power 
supply  is  used  as  indicated  in  Fig. 
8.  The  triode  section  of  the  6SR7 
tube  operates  as  a  conventional 
blocking  oscillator,  and  generates 
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BEAM  CURRENT 4 
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HIGH-VOLTAGE  LOAD  CURRENT  IN  >4 A 


supplied  by  the  output  niter  capaci¬ 
tors,  and  the  time  constant  of  these 
capacitors  with  the  effective  load 
resistance  is  considerably  greater 
than  one  field  period. 

A  series  protective  resistor  is  in¬ 
cluded  in  the  output  of  the  high- 
voltage  unit  to  limit  transient 
short-  circuit  currents,  and,  in  con¬ 
junction  with  the  envelope  capaci¬ 
tance  of  the  cathode-ray  tube,  to 
form  the  final  filter  section.  Under 
short-circuit  conditions,  the  output 
voltage  of  the  unit  drops  to  zero, 
and  no  damage  is  caused  by  acci¬ 
dental  overloads. 

To  eliminate  voltage  breakdown 
and  corona  difficulties  due  to  the 
high  voltages  involved,  the  high- 
voltage  transformer,  the  rectifier 
tubes,  and  the  filter  capacitors  are 
assembled  in  a  small  metal  can  and 
vacuum-impregnated  with  oil.  This 
construction  also  yields  a  remark¬ 
ably  small  high-voltage  unit  In 
the  event  of  rectifier  tube  failure, 
it  is  a  simple  operation  to  replace 
this  sealed  assembly.  The  com¬ 
pleted  high-voltage  unit  including 
the  blocking  oscillator  and  driver 
tubes,  is  mounted  on  a  small  chassis 
and  is  provided  with  a  cover. 

Receiver  Considerations 

Because  of  its  high  efficiency, 
.small  size,  and  integrated  design, 
this  projection  television  system 
■nay  be  readily  adapted  to  existing 


chassis  designs.  The  projection 
components  may  be  used  in  a  vari¬ 
ety  of  receiver  cabinets,  ranging 
from  table  model  sets  to  larger  con¬ 
soles,  all  producing  the  large 
12  X  16-inch  picture. 

A  representative  receiver  ar¬ 
rangement,  using  a  transmissive 
screen  and  a  large  cabinet  mirror,  is 
illustrated  in  Fig.  5.  The  packaged 
projection  system  reduces  the  prob¬ 
lems  of  design  and  manufacture  of  a 
projection  television  receiver  to  the 
familiar  ones  associated  with  a 
direct-viewing  receiver,  since  the 
circuit  requirements  are  substanti¬ 
ally  identical  and  the  special  prob¬ 
lems  of  high  voltage  and  optics  are 
eliminated  by  the  use  of  completely 
tested  subassemblies. 

The  performance  characteristics 
of  a  projection  television  system 
are  quite  dependent  upon  the  tsrpe 
of  viewing  screens  used.  A  variety 
of  viewing  screens  has  been  pro¬ 
posed  for  projection  television. 
These  screens  vary  from  highly  dif¬ 
fusing  surfaces  which  give  an  ex¬ 
tended  viewing  angle  at  the  expense 
of  brightness,  to  highly  directional 
screens  with  different  vertical  and 
horizontal  dispersion  characteris¬ 
tics  which  limit  the  viewing  angle, 
but  which  also  increase  the  effective 
brightness  of  the  reproduced  pic¬ 
ture.  Both  transmissive  and  reflec¬ 
tive  screens  have  been  used  with 
considerable  success.  In  most  cases 


a  square-cornered  projected  picture 
is  formed  on  a  flat  surface,  elimi¬ 
nating  the  rounded  comers  and 
linear  distortions  which  are  fre¬ 
quently  objectionable  when  pictures 
are  viewed  on  a  curved  tube  face. 
The  final  choice  of  a  viewing  screen 
to  be  used  with  a  projection  tele¬ 
vision  system  depends  upon  the  par¬ 
ticular  application  in  view,  and  a 
variety  of  screens  may  be  used 
with  this  projection  system  to  ful¬ 
fill  various  requirements. 

This  system  produces  a  highly 
satisfactory  picture  of  optimum 
size  to  satisfy  the  requirements  of 
most  viewers.  When  used  with  a 
moderately  directional  transmissive 
screen,  having  controlled  vertical 
and  horizontal  light  distribution 
characteristics  (approximately  ± 
12  degrees  vertically  and  ±30  de¬ 
grees  horizontally,  with  a  bright¬ 
ness  gain  of  about  7),  a  highlight 
brightness  of  45  or  more  foot-lam- 
berts  is  obtained  with  a  cathode-ray 
tube  having  the  characteristics 
shown  in  Fig.  6.  With  this  type  of 
screen,  giving  a  contrast  ratio  of 
30  to  1,  450-line  resolution  is 
achieved. 
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FIG.  4 — Power  supply  perlormanes  cnrTSS  FIG.  5 — Suggested  cabinet  layout 


FIG.  6 — Beam  current  and  brightness  curves 


tLECTRONICS  — 4pri7,  794« 


RASTER  SIZE*  3.6  X4  8  CM 
ANODE  VOLTAGE*  25,000  V  0-C 
GRID  DRIVE  MEASURED  IN 
D-C  VOLTS  ABOVE  CUTOFF 


8  10  12 
TIME  IN  MINUTES 


VOLTS  PER  CM 


FIG.  3 — ^Variation  In  light  output  of  lumlnoua  compound  with 
tomporoturo  during  oxposuro  to  constant  rodioocttro  sourco 


Industrial  Applications 
of  Radioactivity 


Technical  details  of  representative  new  radioactive  devices  serving  as  resistors,  electrostatic 
voltmeters,  light  sources,  tube  cathodes,  area  measurers,  liquid  level  detectors,  galvanom¬ 
eters,  semimicrohalances,  leveling  systems,  and  micrometers 


eliminators  include  absence  of 
harmful  effects  on  commodities  such 
as  are  sometimes  caused  by  humidi¬ 
fiers  used  for  the  same  purpose,  and 
absence  of  high  voltages  and  sparks 
that  in  themselves  are  fire  hazards 
and  inherently  dangerous. 

Since  alpha  particles  are  easily 
absorbed,  it  is  necessary  to  apply 
the  radioactive  material  in  the  form 
of  a  thin  layer  that  does  not  intro¬ 
duce  in  itself  any  appreciable  self¬ 
absorption.  The  preparation  of 
these  foils  is  complicated  by  the  fact 
that  it  is  necessary  to  retain  the 
gaseous  radon  product  of  radium 
within  the  foil,  since  the  escape  of 
this  gas  would  signify  a  loss  of  ac¬ 
tive  material  and  create  a  health 
hazard.  The  total  alpha  activity  is 
due  to  the  decay  products.  Ra  A, 
radon,  and  Ra  C  as  well  as  to 
radium. 

Polonium  may  be  used  instead  of 
radium  as  an  alpha  particle  emitter. 
It  is  a  pure  alpha  radiator,  with  no 


OUANTITY  PRODUCTION  of  radio-  ization  power  of  all  radioactive 
active  isotopes  as  a  byproduct  radiations ;  a  single  alpha  particle 
of  the  uranium  pile  has  stimulated  can  produce  about  40,000  ion  pairs 
interest  in  older  industrial  appli-  per  cm  along  a  path  in  air,  with  the 
cations  of  radioactivity  and  has  re-  exact  number  depending  upon  the 
suited  in  many  new  applications,  velocity  of  the  radiation. 
Radioactive  materials  are  available  Near  sources  of  alpha  particles, 
abundantly  now  at  reasonable  cost,  air  loses  its  insulatiQg  properties 
and  handling  techniques  have  been  and  becomes  conducting,  dissipat- 
safely  standardized.  ing  any  accumulation  of  static  elec- 

Prewar  uses  for  radium  in  radio-  tricity  in  nearby  objects.  The  quan- 
graphic  cylinders,  as  neutron  tity  of  static  electricity  that  can  be 
sources  (radium-beryllium),  in  lu-  eliminated  within  a  certain  time  in- 
minous  compounds  for  dials,  and  as  terval  depends  only  on  the  intensity 
static  eliminators  now  become  eco-  of  the  alpha  radiation  present, 
nomically  attractive  to  a  great  The  ionization  effect  of  an  alpha 
many  industries.  The  last-men-  particle  source  is  limited  to  its 

tioned  application  in  particular  range,  which  is  about  7  cm  for  the 

merits  reconsideration  today  for  all  fastest  group  emitted  by  radium 

equipment  having  static  problems.  and  its  decay  products.  If  the 

ionized  air  is  in  movement,  how- 
Industriol  Static  Eliminotors  ^  vicinity  of 

Operation  of  an  industrial  static  machines  in  operation  or  with  vehi- 
eliminator  is  based  upon  the  high  cles  in  motion,  the  ionized  air  is 
ionizing  power  of  alpha  particles,  transmitted  appreciable  distances. 
These  have  the  highest  specific  ion-  Advantages  of  radioactive  static 
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BadioactiT*  intcqrator  b«in9  used  to  measure  area  oi  irregular  piece  oi  cardboard 
placed  on  circular  polonium-coeered  plate.  Meter  reading,  proportional  to  area,  is 
y  obtained  immediately  when  slide  is  pushed  into  instrument 
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penetrating  gamma  radiation,  hence 
large  areas  of  polonium  sources  can 
be  used  without  introducing  health 
hazards.  However,  the  short  half- 
life  of  polonium  makes  it  necessary 
to  replace  this  type  of  static  elimi¬ 
nator  after  a  certain  time  interval. 
Other  pure  alpha  radiators  having 
longer  half-life  are  not  yet  avail¬ 
able,  but  these  elements  may  be 
ready  for  industrial  purposes  in  the 
near  future. 

One  millicurie  of  a  radioactive 
element  represents  the  quantity  of 
this  element  that  emits  the  same 
number  of  particles  per  second  as 
one  milligram  of  radium  (3.7  x  10^ 
particles).  The  ionization  current 
produced  by  1  mg  of  radium  is 
about  2  X  10'*  ampere  and  that  from 
1  millicurie  of  polonium  is  4.4  x  10*^ 
ampere  at  saturation  voltage.  The 
current  from  radium  is  greater 
than  that  from  polonium  because 

*  J.  R.  Carlin  Is  now  associated  with 
Tracerlab,  Inc.,  Boston,  Mass. 


the  Ra  foil  has  additional  radiation 
decay  products. 

Saturation  voltage  is  the  voltage 
necessary  to  draw  all  ions  out  of  the 
held  immediately  upon  formation, 
so  that  no  losses  occur  through  re¬ 
combination.  The  field  strength  is 
about  250  volts  per  cm  for  100  mi¬ 
crograms  of  radium  or  500  micro¬ 
curies  of  polonium  coated  on  one 
square  inch  of  radioactive  foil. 
Therefore,  the  formation  of  2  x  10"* 
coulomb  per  second  can  be  easily 
dissipated  by  these  amounts  of 
radioactivity.  This  accumulation 
of  static,  if  not  dissipated,  would 
lead  within  1  minute  (assuming  a 
capacitance  of  20  /i/if  per  square 
inch)  to  a  voltage  of  about  600,000 
volts,  clearly  a  potential  danger. 

The  more  recent  applications  of 
radioactivity  in  industry  may  be 
divided  into  four  groups:  (1)  appli¬ 
cations  utilizing  the  ionization 
power  of  the  radiation;  (2)  appli¬ 
cations  utilizing  penetrating  prop¬ 


erties;  (3)  devices  in  which  mo¬ 
tions  or  displacements  are  detected 
by  radioactive  substances  coupled 
by  some  means  to  these  movements ; 
(4)  applications  based  upon  the 
easily  recognizable  radiations  and 
their  detection  methods,  such  as 
tracer  methods. 

Only  the  first  three  groups  of  ap¬ 
plications  will  be  taken  up  here, 
since  the  fourth  would  require 
quite  an  extensive  paper  by  itself. 

Using  Ionization  Power 

The  ability  of  alpha  or  beta-  emit¬ 
ting  radioactive  substances  to  ionize 
gases  or  air  is  utilized  in  a  radio¬ 
active  resistor,  the  terminals  of 
which  are  the  electrodes  of  an  ion¬ 
ization  chamber  arranged  as  in 
Fig.*  1. 

One  electrode  is  covered  with  a 
radioactive  alpha-particle  emitting 
substance,  and  the  other  is  con¬ 
nected  to  an  electrometer  or  ampli¬ 
fier.  As  the  voltage  between  the 
electrodes  is  increased,  the  ioniza¬ 
tion  current  will  increase  corre¬ 
spondingly  until  saturation  is 
reached,  as  shown  in  Fig.  2,  when 
all  of  the  ions  are  being  drawn  to 
the  electrode  upon  formation.  If 
voltage  is  still  further  increased, 
ionization  by  collision  occurs  and 
the  current  increases  as  in  an  ava¬ 
lanche. 

The  initial  linear  portion  of  Fig. 
2,  called  the  ohmic  region,  lends 
itself  to  the  construction  of  resis¬ 
tors  distinguished  by  complete 
absence  of  polarization  and  temper¬ 
ature  deficiencies.  It  is  true  that 
the  outside  pressure,  if  the  chamber 
is  not  hermetically  sealed,  or  out¬ 
side  temperature,  may  somewhat 
infiuence  ionization  current;  how¬ 
ever,  this  infiuence  is  small,  com¬ 
pletely  regular,  simple  to  compute, 
and  easily  compensated  for. 

Radioactive  resistors  have  long 
been  used  as  leakage  resistors  of 
electrometers  in  radioactive  labora- 


NEW  TOOL 

Availability  of  radiooctive  products 
of  the  chain-reacting  pile  has  fostered 
experimental  development  of  new  de¬ 
vices  for  measurement,  detection,  and 
control. 

The  representative  examples  cited 
here  may  be  the  inspiration  for  solu¬ 
tion  of  many  other  perplexing  indus¬ 
trial  problems 
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rent  warns  the  operator  of  danger 
by  light  signals  or  an  appropriate 
meter.  If  the  intensity  of  the  radio¬ 
active  source  is  great  enough  or  if 
sufficient  amplification  is  used,  it 
becomes  possible  to  operate  a  relay 
that  will  stop  the  machine  auto¬ 
matically. 

The  ionizing  power  of  radioactive 
radiations,  especially  those  of  alpha 
particles,  is  utilized  in  discharge 
tubes  to  lQ,wer  the  sparking  poten¬ 
tial  or  to  dissipate  space  charge’. 
These  applications  use  either  the 
direct  radiation  or  the  light  effect 
due  to  fluorescent  compounds  acti¬ 
vated  by  the  particle  radiation. 
While  relatively  great  quantities  of 
radioactive  materials  are  necessary 
to  change  the  discharge  appreci¬ 
ably,  stabilization  and  reproducibil¬ 
ity  of  existing  conditions  can  be 

FIG.  5 — Radioactir*  arca-msasurlng  dcrlca  .  .  .  ,  ...  ,,  . 

obtained  with  small  amounts. 


tories.  They  are  equally  useful  in 
electronic  circuits  requiring  high 
values  of  grid  resistance;  the 
higher  the  resistance  value,  the  less 
radioactive  material  is  needed.  By 
varying  the  distance  between  the 
electrodes  or  varying  the  number  of 
ionizing  particles  with  diaphragms 
or  other  means,  a  single  unit  may 
well  serve  for  several  ranges  and 
purposes. 

Radioactive  resistors  remain  sub¬ 
stantially  constant  in  value  if  the 
radioactive  material  used  has  a  long 
half-life,  such  as  uranium  or 
radium.  The  decay  characteristic 
of  materials  with  short  half-life 
permits  construction  of  decaying 
radioactive  resistors,  which  in¬ 
crease  in  resistance  as  they  age. 
These  make  possible  the  longer  use 
of  relatively  shorter-living  radio¬ 
active  material  in  electronic  cir¬ 
cuits.  Decaying  radioactive  re¬ 
sistors  are  connected  to  counteract 
circuit  changes  produced  by  decay 
of  the  main  radioactive  material. 

For  instance,  if  polonium  with  a 
140-day  half-life  is  used  in  the  main 
ionization  chamber  of  a  radioactive 
instrument,  plate  current  decreases 
0.5  percent  per  day.  Normal  means 
for  compensation  by  lowering  the 
position  of  the  operating  point  on 
the  characteristic  curve  of  the  first 
amplifier  stage  does  not  restore 
completely  the  original  conditions. 
With  a  polonium  resistor  in  the  grid 
circuit,  however,  decay  of  its  activ¬ 
ity  increases  the  grid  resistance  in 
such  a  manner  that  the  plate  cur¬ 
rent  remains  constant.  The  limit 
of  the  usefulness  of  decaying  radio¬ 
active  substances  is  then  deter¬ 
mined  only  by  the  leakage  current 
of  the  insulating  material  employed. 
The  same  method  can  be  used  with 
any  other  natural  or  artificially 
radioactive  elements. 
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As  soon  as  great  quantities  of 
radioactive  materials  become  avail¬ 
able  at  decreased  prices,  innumer¬ 
able  applications  will  present  them¬ 
selves.  Light  sources  of  various 
colors,  requiring  no  battery  or 
power  line  connection,  can  be  pro¬ 
duced  by  bombardment  of  fiuo- 
rescent  compounds  with  radioactive 
radiations.  The  life  of  these  sources 
will  depend  upon  the  half-life  of  the 
FIG.  6 — ^Radioactive  liquid  level  detectors  radioactive  element  and  the  stabil¬ 
ity  of  the  luminous  compound. 

A  radioactive  light  standard  has 
already  been  developed*,  using  ra¬ 
dium  as  a  constant  radioactive 
power  source.  The  fluorescent  com¬ 
pound  is  exposed  to  the  radiation 
only  during  short  intervals  (the 
radium  foil  can  be  easily  removed), 
hence  does  not  suffer  any  change. 

The  inherent  constancy  of  radio¬ 
active  light  standards  has  one  ap¬ 
plication  as  a  radioactive  pyrom¬ 
eter,  utilizing  the  known  principle 
that  the  brightness  of  certain  fluo¬ 
rescent  substances  irradiated  with 
alpha  particles  varies  inversely  with 
temperature.  This  effect  is  illus¬ 
trated  in  Fig.  3  for  a  polonium 
preparation  serving  as  alpha  source 
and  a  special  short-persistence  type 
of  zinc  sulfide  serving  as  the  fluo¬ 
rescent  material.  Light  emission 
ceases  at  a  temperature  of  about 
150  C  for  this  material,  but  other 
compounds  are  available  for  higher 
temperature  ranges.  The  method 
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measured  by  means  of  amplifiers. 
Measurements  should  be  made  over 
two  ranges  to  insure  against  using 
a  reading  corresponding  to  satura¬ 
tion  current. 

The  degree  of  static  electricity 
accumulated  on  parts  of  a  machine 
can  be  determined  by‘  means  of  a 
metal  strip  coated  with  a  radio¬ 
active  alpha  particle  emitter.  The 
strip  is  placed  near  a  part  of  the 

Rodioocti..  ElKLotutic  V.ltm.ur  machine  where  an  excess  of  charge 

might  lead  to  fire  hazards  or  any 
The  radioactive  resistor  can  also  other  undesirable  event,  and  is  con- 

be  used  for  measuring  high  volt-  nected  to  the  grid  of  an  electronic 

ages.  It  will  be  especially  useful  tube  or  directly  to  a  sensitive  gal- 

where  only  a  small  current  can  be  vanometer.  The  metal  strip  should 

drawn  from  the  source.*  By  vary-  be  well  insulated  from  the  ground, 

ing  the  quantity  of  emitted  radia-  Radiation  intensity  and  distance 
tion  or  the  distance  between  the  between  activated  metal  foil  and 

electrodes,  a  wide  range  of  voltages  machine  are  so  chosen  that  under 

can  be  covered.  The  ionization  cur-  normal  conditions  the  ionization 

rent,  which  is  proportional  to  the  current  is  zero  (ohmic  region)  or 

applied  voltage  in  the  ohmic  portion  is  balanced  to  zero  by  a  compensat- 

of  the  characteristic  curve,  can  be  ing  circuit.  Any  increase  in  cur- 
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lends  itself  to  control  of  the  rate  of  nium  since  they  are  not  needed,  lower  plate, 
temperature  change  in  tempering  The  scanning  device  uses  a  decay-  grid  resisto 
processes.  The  same  effect  is  pro-  compensating  method.  The  beta  plate  currei 
duced  by  x-rays  or  ultraviolet  light,  radiation  penetrating  a  standard  for  equal  s 
but  a  radioactive  source  gives  con-  film  is  compared  to  that  going  decay  of  pol 
stant  output  along  with  freedom  through  the  sample  film.  The  emer-  The  radi' 
from  servicing.  gent  radiation  can  be  measured  di-  Fig.  5  can  i 

rwtly  by  the  ionization  effect  pro-  porosity  an 
Radioactive  Cathode,  for  Tube.  juced  in  two  identical  ionization  surfaces,  ii 

In  vacuum  tubes,  artificially  chambers,  or  indirectly  by  photo-  curves  or  cl 
radioactive  substances  can  serve  in  tubes  responding  to  the  light  effect  out  along  t 
place  of  heated  cathodes,  with  such  produced  on  fluorescent  compounds,  mine  the  n 
advantages  as  constancy  of  emission  indicated  in  Fig.  4.  With  highly  patterns  to 
and  uniformity  of  energy.  The  explosive  material  where  even  the  metals  or 
emitted  beta  particles  carry  electric  smallest  currents  must  be  avoided,  areas  of  s 
charges  and  hence  can  serve  in  place  light  effects  can  be  compared  by  metals,  foil 
of  electron  beams  if  radiation  den-  visual  methods.  the  radioac 

sity  is  sufficiently  high.  If  the  beam  Beta  radiation  can  also  be  used  a  beta  emit 
of  beta  particles  is  concentrated  by  efficiently  in  comparative  methods  used  for  th 
electric  or  magnetic  methods,  high  measuring  changes  in  composi-  urertfents 
electric  charges  can  be  accumulated,  organic  liquids  in  tanks  or  materials, 

or  heat  and  light  effects  can  be  pro-  inaccessible  locations.  The  absorp-  minations. 
duced.  coefficient  of  beta  radiation  is  the  radioac 

Gamma  radiation  has  long  been  relatively  high  compared  to  gamma  should  be  i 

used  in  industrial  radiographic  radiation,  so  that  even  slight 

work.  More  recently,  neutrons  are  changes  in  density  are  easily  dis- 
being  used  for  measuring  thickness  cemible.  The  ab 

and  density  of  heavy  materials  and  The  range  of  alpha  particles  in  alpha  parti 
checkinsf  uniformity,  and  beta  par-  solid  matter  is  only  of  the  order  of  level  indi( 
tides  are  being  used  for  examining  microns,  precluding  examina-  Fig.  6A*. 

light  atomic  substances.  ^i^ick  materials,  but  these  alpha  parti 

alpha  partides  are  extremely  useful  phere,  an 
Application.^^U.mg^  Panatrating  detecting  the  presence  or  absence  maintained 

of  even  the  smallest  quantities  of  rises  or  tt 
A  scanning  device  for  testing  solid  matter  in  space.  The  radio-  lowered,  S( 
homogeneity  and  thickness  of  films  active  integrator*  for  measuring  liquid  (less 
during  production  utilizes  beta  irregular  areas,  shown  in  Fig.  5,  the  radios 
radiation  from  Ra  B  and  Ra  C  is  an  application  of  this  principle,  current  ces 
plaques.  In  these,  a  highly  concen-  A  plate  uniformly  covered  with  of  the  assi 
trated  radium  compound  is  covered  polonium  is  positioned  far  enough  appreciabl; 
air-tightly  by  a  thin  metal  foil  in  below  a  wire  mesh  grid  so  that  only  sion  effects 
order  to  permit  a  maximum  output  the  most  perpendicular  alpha  radia-  propriatelj 
of  beta  radiation.  The  beta  radia-  tion  can  ionize  the  spsice  between  covering  i 
tion  may  also  be  obtained  from  an  the  grid  and  the  top  electrode.  If  a  liquid-repe 
Ra  E  plaque,  which  uses  an  Ra  D  plane  surface  of  unknown  area  is  Another 
source  in  equilibrium  with  its  decay  placed  on  the  grid,  the  ionization  arrangeme 
products  and  covered  with  an  ex-  current  will  be  reduced  by  sin  where  the 
tremely  thin  metal  layer  in  order  to  amount  proportional  to  this  area,  on  a  float, 
absorb  the  alpha  particles  of  polo-  The  grid  mesh  is  connected  to  the  source  con 
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«lectrodes  and  the  ionization  cur¬ 
rent  increases. 

Radioactive  level-indicating  de¬ 
vices  can  be  made  much  more  elab¬ 
orate  when  high  precision  is  re¬ 
quired.  Furthermore,  the  ionization 
current  can  be  used  to  actuate  a 
relay  and  motor  control  circuit 
when  a  fully  automatic  remote¬ 
reading  apparatus  is  needed. 

The  same  principle  of  interrupt¬ 
ing  the  ionization  current  of  a  beam 
of  alpha  particles  by  the  smallest 
quantities  of  liquid  can  also  be  ap¬ 
plied  to  surface  tension  meters. 

Detecting  Ditglocement 

When  radioactive  material  is 
coupled  directly  or  indirectly  to  the 
moving  part  of  a  system,  variations 
in  position  cause  variations  in  ion¬ 
ization  current  or  light  effect  that 
are  readily  amplified  to  give  prac¬ 
tically  any  degree  of  sensitivity  and 
precision.*' ' 

A  typical  application  here  is  the 
radioactive  galvanometer,  in  which 
a  vane  appropriately  plated  with 
radioactive  material  is  attached  to 
the  moving  system  in  place  of  a 
mirror,  as  indicated  in  Fig.  7. 
With  a  simple  one-tube  amplifier, 
a  rotation  of  one  minute  here  would 
lead  to  a  change  of  between  10  and 
20  microamperes  in  plate  current 
for  the  vane  dimensions  shown. 
With  appropriate  refinements,  the 
sensitivity  can  be  even  further 
improved. 

The  above  technique  is  applicable 
to  any  t3rpe  of  torsion  meter.  The 
radioactive  material  on  the  moving 
part  can  alternatively  cause  emis¬ 
sion  of  fluorescent  light  from  a 
screen  monitored  by  phototubes. 
Since  ionization  and  phototube  cur¬ 
rents  can  both  be  easily  amplified, 
the  method  lends  itself  nicely  to 
remote  reading  or  telemetering. 

The  movement  of  a  balance  can 
be  magnified  greatly  by  coupling  to 
the  balance  arm  a  radioactive  foil 
situated  near  a  double  ionization 


chamber,  as  in  Fig.  8.  With  the  arm 
length  of  an  ordinary  semimicro¬ 
balance,  the  radioactive  adapta¬ 
tion  was  capable  of  recording  varia¬ 
tions  of  1  microgram.  The  accuracy 
of  a  microbalance  was  thus  com¬ 
bined  with  the  ruggedness  of  a 
semi-microbalance.  The  radioactive 
balance  has  the  further  advantage 
of  indicating  directivity  above  or 
below  an  equilibrium  position. 

The  radioactive  balance  arrange¬ 
ment  shown  in  Fig.  9  can  be  used 
for  production  weighing  of  small 
quantities  of  material  within  a  pre¬ 
determined  accuracy.*  The  vertical 
positions  of  the  ionization  chambers 
can  be  adjusted  so  that  maximum 
meter  reading  occurs  when  a  prede¬ 
termined  weight  of  material  is  in 
one  balance  pan.  The  sharpness  of 
the  peak  of  the  maximum  reading 
can  be  adjusted  by  means  of  dia¬ 
phragms  at  the  openings  of  the  ion¬ 
ization  chambers,  to  give  the  degree 
of  accuracy  desired.  With  high 
enough  radioactive  intensities  or  in¬ 
creased  amplification  in  the  output 
circuit  it  would  be  possible  to  ener¬ 
gize  a  relay  controlling  a  valve  that 
would  permit  only  a  certain  amount 
of  material  to  flow  onto  the  balance 
pan. 

A  radioactive  arrangement  suit¬ 
able  for  leveling  or  for  determining 
the  degree  of  inclination  is  shown 
in  Fig.  10.  Any  deviation  from  a 
horizontal  position  of  the  beam  in¬ 
creases  the  current  in  one  photo¬ 
tube  and  simultaneously  decreases 
it  in  the  other.  If  the  outputs  of 
the  phototubes  are  arranged  in  a 
bridge  circuit,  the  instrument  can 
be  made  quite  sensitive  and  can  be 
adapted  for  automatic  releveling. 

The  radioactive  micrometer 
shown  in  Fig.  11  is  based  on  the 
fact  that  the  range  of  alpha  parti¬ 
cles  in  air  is  about  1,000  times 
greater  than  their  range  in  certain 
insulating  organic  liquids.  Small 
variations  in  spacing  between  the 
plates  of  an  ionization  chamber 


situated  in  such  a  liquid  give  a  con¬ 
siderable  ^percentage  change  in  ion¬ 
ization  current.  The  spacing  is  de¬ 
termined  by  the  thickness  of  the 
specimen  being  measured.  It  is 
possible  to  measure  the  heat  ex¬ 
tension  of  materials  within  an  error 
of  db  1  X  lO"*  inch.  While  the  maxi¬ 
mum  change  in  length  or  thickness 
covered  by  this  instrument  depends 
upon  the  range  of  the  radiation  and 
the  stopping  power  of  the  liquid,  it 
is  possible  to  measure  greater 
changes  by  appropriate  displace¬ 
ment  of  one  of  the  electrodes. 

To  avoid  polarization  of  the 
liquid,  a-c  voltages  are  applied  to 
the  ionization  chamber.  Capacitor 
C  is  used  to  nullify  the  alternating 
current  that  would  flow  through  the 
capacitance  of  the  ionization 
chamber  to  the  grid  of  the  first 
tube.  The  operating  point  of  the 
first  tube  is  chosen  to  minimize  the 
ionization  current  that  would  flow 
during  the  inverse  portions  of  the 
applied  voltage. 

The  devices  discussed  in  this 
paper  are  merely  representative  ex¬ 
amples  of  the  forerunners  of  a  wide 
range  of  industrial  applications. 
The  number  of  these  will  increase 
immeasurably  with  the  progress  of 
the  science  of  radioactivity  and  the 
increasing  availability  of  its  raw 
materials. 
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FIG.  10 — RadlooctlTe  IsTelling  method 


FIG.  11 — ^BadlooctlTe  micrometer  arrangement  and  etreolt 
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R-F  Bridge 

for  Broadcast  Stations 


Versatile  unit  incorporates  variable-frequency  signal  generator,  calibrating  oscillator, 
bridge  circuit,  detector  and  batteries  in  a  single  lightweight  unit.  Principles  of  operation 

are  outlined  and  constructional  data  are  given 


By  FRED  SCHUMANN  and  CHARLES  DUKE 

Electrical  EngiHecring  Department  EngineertM  Departipcnt 

VandcrbM  Univereity  wBIX 


ONE  OF  THE  most  useful  pieces 
of  equipment  in  a  broadcast 
station  is  a  reliable,  easily  portable 
radio-frequency  bridge.  This  is 
particularly  true  for  the  station 
with  a  multi-element  antenna  array 
where  checks  on  self  and  mutual 
antenna  impedances,  driving-point 
impedances,  and  common-point  im¬ 
pedance  are  frequently  desirable. 

The  bridge  to  be  described  con¬ 
tains  an  oscillator  crystal-controlled 
at  the  station  frequency,  in  this 
case  980  kc,  and  an  electron-coupled 
oscillator  which  can  be  calibrated 
at  the  station  frequency  by  means 
of  the  crystal  oscillator  and  then 
varied  about  60  kc  each  side  of  this 
frequency.  The  oscillator  is  modu¬ 
lated  at  1,000  cps.  Following  the 
oscillator  is  the  bridge  proper  and 
then  a  sensitive  receiver  with  an 
audio  amplifier  sharply  peaked  at 
1,000  cps.  The  latter  arrangement 
is  particularly  to  be  desired  when 
making  antenna  measurements  dur- 
.  ing  times  of  heavy  static. 

The  power  supply  consists  of  bat- 


Int*rior  Ti*w  of  impodonco  bridqo  with  cover  remored  and  indt  tipped  foiwoxd  to 
rest  on  front  ponel.  Signal  generator  is  ot  left;  receiver  is  ot  right 


Assume  that  equals  L«  and 
that  equal  voltages  are  induced  in 
both  arms.  Then  will  equal 
in  magnitude  and  phase  provided 
the  self  impedance  of  mesh  A  equals 
the  self  impedance  of  mesh  B.  For 
this  condition  the  bridge  is  bal- 


teries  which  are  contained  within 
the  apparatus.  The  compactness  of 
this  arrangement  will  be  appreci¬ 
ated  by  anyone  who  has  had  to 
make  the  usual  setup  of  a  signal 
generator,  bridge  and  receiver  upon 
a  small  antenna  base  on  a  cold 


R-F  OSCILLATOR 


used  for  some  years  by  the  Bell 
System. 


standard  resistance  R,  set  at  zero. 
This  balance  is  made  with  and 


F16.  1 — Basic  circuit  usod  in  r-f  hridgo 
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night. 

anced  and  no  voltage  appears  across 
the  detector  terminals. 

1 

/  B  ^ 

z. 

Theory  of  Operation 

In  practice,  before  making  a 

The  basic  bridge  circuit,  shown 
in  simplified  form  in  Fig.  1,  is  simi¬ 
lar  to  the  a-f  hybrid  coil  type  4-A 

measurement  an  initial  balance  is 
made  with  the  unknown  terminals 
shorted  and  the  self-contained 

SHIELD 


OUTPUT 


EXTERNAL 

RESISTANCE 


SHIELD 


PHONES 


FIG.  2 — CompUt*  tchemotic  didgiom  of  bridgo  unit 


Cb  set  as  close  to  maximum  capaci¬ 
tance  as  possible.  If  great  care  is 
used  in  balancing  capacitances  to 
ground  in  construction,  the  values 
of  Ca  and  C«  in  the  initial  balance 
will  be  practically  equal.  Assume 
now  that  the  initial  balance  has 
been  made  and  the  two  capacitance 
values  are  Cai  and  Cat.  Suppose  an 
unknown  impedance  consisting  of 
ib.  and  Cb  in  series  is  connected  to 
the  unknown  terminals.  To  again 
balance  the  bridge  it  will  be  neces¬ 
sary  to  add  a  resistance  (R.)  in 
tl\e  A  arm  equal  to  R,.  Also,  since 
capacitive  reactance  has  been  added 
in  the  B  arm,  it  will  be  necessary  to 


add  an  equal  capacitive  reactance 
in  the  A  arm.  This  is  done  by 
changing  Ca  from  Cn  to  a  lower 
value  Cab.  The  unknown  capacitive 
reactance  is  then 

(1) 


Ca,  - 


Dx-  Dt 


where  Dt  and  D,  are  the  dial  divi¬ 
sions  corresponding  to  Cai  and  Cab 
and  Ka  =  calibrating  constant  of 
Ca  where  Ca  =  DaKa.  If  the  un¬ 


known  capacitive  reactance  is  re¬ 
quired  this  is: 

X  “  ^  a:  Jh  —  Dj  /jv 

«C.  to  KaDiDi  ^  ' 

Suppose  the  unknown  impedance 
consisted  of  R,  and  L,  in  series. 
In  this  case,  in  addition  to  the  re¬ 
sistance  balance  it  will  be  neces¬ 
sary  to  add  capacitive  reactance  in 
the  B  arm  to  balance  the  positive 
reactance  of  the  unknown.  The  un¬ 
known  positive  reactance  therefore 
equals  the  change  in  negative  re¬ 
actance,  or 

Xx,  -  X,  -  X,  -  — i - Ir- 
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from  the  signal  generator  through 
common  ground-return  impedances. 

Plug-in  type  coils  are  used 
throughout  the  signal  generator 
built  into  this  apparatus  and  new 
bands  of  frequencies  can  be  added 
if  desired.  An  r-f  isolation  ampli¬ 
fier  is  used  to  minimize  oscillator 
frequenpy  change  with  varying  load 
conditions  and  its  tuning  control 
is  ganged  with  the  electron-coupled 
oscillator  control  for  single-dial 
tuning.  The  electron-coupled  oscil¬ 
lator  is  capable  of  maintaining  its 
frequency  calibration  with  good 
accuracy  over  considerable  periods 
of  time  and  can  be  adjusted  to  zero 
beat  with  the  crystal  oscillator  at 
980  kc  by  operating  the  oscillator 
control  switch  to  the  CAL  position 
and  adjusting  the  50  fifif  trimmer 
in  the  grid  circuit. 

The  modulator  uses  a  Hartley 
oscillator  circuit  and  Is  tuned  to 
1,000  cps.  Small  variations  in  fre¬ 
quency  are  corrected  by  adjustment 
of  the  grid  resistor.  The  r-f  output 
voltage,  which  can  be  modulated  ap¬ 
proximately  50  percent,  is  one  volt 
across  50  ohms  impedance.  The  B- 
battery  drain  is  10  ma  and  the  A 
drain  is  250  ma  under  normal  oper¬ 
ating  conditions. 

The  receiver,  employing  a  trf 
circuit,  can  be  tuned  over  the 
broadcast  band.  A  feedback  net¬ 
work  between  plate  and  grid  of  the 
first  audio  stage  sharply  peaks  the 
audio  response  at  1,000  cps,  greatly 
facilitating  measurements  on  an¬ 
tennas  in  the  presence  of  atmos¬ 
pheric  static  and  interference  from 
other  stations.  The  B-battery  drain 
is  approximately  6  ma  and  the  A 
drain  is  250  ma. 


The  r-f  bridge,  signal  generator, 
and  receiver  are  constructed  in  a 
single  aluminum  cabinet  with  di¬ 
mensions  of  22  inches  by  14  inches 
by  8  inches.  This  cabinet  is  divided 
into  three  sections  by  aluminum 
shields  and  the  signal  generator 
and  receiver  are  also  individually 
shielded.  It  is  necessary  that  no 
coupling  exist  between  signal  gen¬ 
erator  and  bridge  and  between 
bridge  and  receiver  except  through 
the  external  connections.  Stray 
coupling  will  result  in  a  false  resist¬ 
ance  balance  when  measuring  100 
ohms  or  greater. 

no.  3 — Construction  of  bridgo-circult  in-  The  circuit  is  shown  in  Fig.  2. 
ductor  ii  shown  ot  loft;  assembly  of  in¬ 
ductors  and  electrostatic  shield  is  shown 

Shielding 


V  . — 

L,-K  turns  no  20  DCC.3  INCH  OIAMCTER. 
WINOMC  LENGTH  4  INCH.TWIST  WIRES  TOGETHER, 
WIND  26  turns,  and  connect  AS  SHOWN 


The  construction  is  such  as  to 
minimize  the  capacitances  to 
ground  of  all  components  and  to 
keep  these  capacitances  equal  in 
each  of  the  arms.  For  the  purpose 
of  eliminating  changes  in  stray 
capacitances  as  the  rotors  are 
turned,  the  reactance  balance  capac¬ 
itors  are  fitted  with  shields  con¬ 
nected  to  their  rotors.  The  induced 
voltages  across  the  two  parts  of  L, 
are  kept  equal  and  the  electrostatic 
shielding  between  L,  and  L-  is  made 
adequate  by  the  construction  shown 
in  Fig.  3.  Since  the  maximum 
value  of  resistance  that  can  be 
measured  with  the  internal  compo¬ 
nents  is  110  ohms,  binding  posts 
are  provided  for  connection  of  ex¬ 
ternal  standards  to  facilitate  the 
measurement  of  large  resistances 
or  to  obtain  steps  of  less  than  one 
ohm.  All  grounds  are  made  to  the 
cabinet  at  a  single  point  to  prevent 
introduction  of  undesired  voltages 


A.AZ), 

where  Kb  is  the  calibrating  con¬ 
stant  of  Cb. 

In  the  bridge  built  by  the 
authors,  Ka  and  Kb  were  equal 
within  less  than  1  percent  error 
and  had  a  value  of  1.87  fifit  per 
division.  The  dials  used  had  200 
divisions  and  the  capacitors  were 
of  the  straight-line  capacitance 
type.  The  calibrating  constants 
were  determined  by  first  making 
an  initial  balance  and  then  adding 
specific  values  of  known  capaci¬ 
tances  in  shunt  with  Ca  and  Cb  and 
noting  the  change  in  Ca  and  C*  to 
again  balance  the  bridge.  A  curve 
was  plotted  which  turned  out  to 
be  an  exceedingly  straight  line,  and 
its  slope  was  used  in  determining 
the  values  of  K. 


AccHfocy 

While  it  is  not  claimed  that  this 
bridge  is  more  accurate  than 
others,  it  is  believed  that  the  obvi¬ 
ous  advantages  offered  by  its  com¬ 
pact  arrangement  will  make  its  use 
worthwhile.  The  bridge,  when 
checked  against  one  of  known  high 
accuracy,  proved  to  be  within  2 
percent  for  reactance  and  resist¬ 
ance  values  in  the  ranges  com¬ 
monly  used  in  broadcast  work. 

The  authors  wish  to  acknowledge 
the  valuable  suggestions  received 
from  several  members  of  the  tech¬ 
nical  staff  of  WSM  during  the  con¬ 
struction  of  this  device. 


Table  I — Coil  Winding  Data 
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Circuit 

Symbol 

Number 

of 

Turns 

.Size 

dct; 

Wire 

Winding 

Diam. 

(inches) 

Notes 

U 

90 

32 

1.5 

Closewound.  For  980-kc  crystal 

Ln 

44 

32 

1.5 

Closewound.  For  eco  range  of  920- 

1,050  kc 

u 

12 

32 

1.5 

Interwound  with  at  end  of  />- 

L, 

12 

32 

1.5 

Interwound  with  Lj  at  end  of  Lt 

U 

12 

22 

1.5 

Closewound  at  end  of  Ln 

U 

45 

20 

1.25 

Closewound.  See  Fig.  3 

/>7 

52 

22 

3 

Length  4  inches.  See  Fig.  3 

Ij% 

Commercial  antenna  coil  to  cover  broadcast  band  with  tuning  capaci- 

tance  used 

b*.  LlO 

Commercial 

r-f  coils  to  cover 

:>roadcast  band  with  tuning  capacitance 

^11 

54 

26 

1.5 

Closewound.  For  tuning  range  of 

• 

920-1,050  kc 

Instant-Reading 


By  PAUL  C.  HANSEL 

Signal  Corp»  Engineering  Laboratories 
Colee  Signal  Laboratory 
Bradley  Beaoh,  N.  J. 


The  art  of  radio  direction  find* 
ing  was  advanced  materially  by 
wartime  research,  although  the  re¬ 
cent  sensational  disdoaures  of  radar 
techniques  have  largely  obscured 
this  fact.  This  paper  describes  an 
electronic  direction-finding  method 
and  several  advanced  instrumental 
features  which  are  incorporated  in 
a  new  Signal  Corps  direction  finder, 
Radio  Set  AN/CRD-2. 

This  direction  finder  produces 
automatic  visual  bearing  indications 
on  the  vertically  polarized  compon¬ 
ents  of  either  sky-wave  or  ground- 
wave  signals  in  the  frequency  range 
of  0.54  to  30  me.  The  set  embodies 
several  novel  features  intended  to 
enlarge  the  operational  usefulness 
of  direction  finding,  particularly  in 
applications  such  as  the  monitoring 
and  administrative  control  of  air- 


FIG.  1 — ^Antenna  STStsm.  balanced  modnloton.  and  a  combininq  impedance  moke  up 
an  electronic  goniometer.  Modulertors  are  housed  in  Junction  boxes  at  base  of  masts; 
combining  impedance  is  in  Junction  box  at  center.  This  prototype  antenna  bos  no  top 
loading  skirts,  but  these  ore  included  in  later  models 


craft  flights,  aircraft  navigation 
and  homing,  rescue  operations,  and 
the  location  of  illicit  transmitters. 
Unusually  high  operating  sensitiv¬ 
ity  and  bearing  accuracy  are 
achieved  through  the  use  of  an  all- 
electronic  principle  of  operation.  All 
moving  mechanical  parts  have  been 
eliminated,  thus  providing  struc¬ 
tural  simplicity  as  well  as  ease  of 
operation  and  maintenance. 

System  Elemeats 

Structurally,  the  direction  finder 
comprises  the  fixed-position  spaced- 
collector  antenna  system  shown  in 
Fig.  1  and  the  operating  rack  shown 
in  Fig.  2.  Weatherproof  junction 
boxes  at  the  bases  of  the  antenna 
masts  contain  electronic  circuits 
which,  in  combination  with  the 
four  spaced  collectors,  constitute 
an  aperiodic  electronic  goniometer. 
A  wire  netting,  75  feet  square  and 
composed  of  18-inch  mesh,  is  in¬ 
stalled  under  the  antenna  system 
and  serves  as  a  counterpoise.  When 
this  counterpoise  is  properly  ter¬ 
minated  at  the  edges,  the  accuracy 
of  the  direction  finder  is  substan¬ 
tially  independent  of  soil  constants. 


For  operation  in  the  frequency 
range  of  0.54  to  6.0  me,  a  mast 
height  of  30  feet  and  a  diagonal 
spacing  of  34  feet  are  used.  For 
operation  between  6.0  and  30.0  me, 
the  antenna  system  is  erected  with 
a  24-foot  mast  height  and  a  17-foot 
diagonal  spacing.  A  top  loading 
skirt  composed  of  six  radial  spokes, 
each  three  feet  long,  is  installed  at 
the  top  of  each  antenna  mast  and  is 
used  at  all  frequencies.  No  particu¬ 
lar  improvement  in  performance  re¬ 
sults  from  use  of  the  loading  skirts 
at  frequencies  above  10  me,  but  sen¬ 
sitivity  and  antenna  balance  are 
greatly  enhanced  at  lower  frequen¬ 
cies. 

The  operating  rack  contains  a 
standard  single-channel  communica¬ 
tions  receiver,  c-r  tube  bearing  indi¬ 
cator,  and  a  control  panel.  The  rack 
may  be  placed  at  any  convenient 
distance  up  to  about  1,000  feet  away 
from  the  antenna  system.  In  air¬ 
port  installations,  for  example,  it  is 
possible  to  install  the  rack  in  the 
control  tower  for  operating  conveni¬ 
ence  and  place  the  antenna  system 
on  an  unobstructed  site  away  from 
buildings  and  power  lines. 


FIG.  2 — Operotiag  rack  contoias  modnlat- 
iag-voltag*  ganarator  (oboT*).  baorlng  indi¬ 
cator  (contor),  and  standard  conununi- 
cotions  rocolTor  (bolow) 
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Direction  Finder 

Heart  of  this  new  direction  finder  is  an  electronic  goniometer  circuit  that  modulates 
incoming  signals  with  angle-of-arrival  intelligence.  Bearings  are  indicated  hy  propeller¬ 
shaped  pattern  on  c-r  tube  screen.  Switch -operated  circuits  produce  sense  indication 
or  split  hearing  pattern  to  indicate  accurately  directions  of  weak  signals 


From  a  functional  point  of  view, 
the  equipment  consists  of  a  sub¬ 
stantially  aperiodic  electronic  goni¬ 
ometer  which  receives  all  of  the  sig¬ 
nals  within  a  wide  frequency 
spectrum  and  imposes  upon  each  re¬ 
ceived  signal  a  lov. -frequency  modu¬ 
lation  envelope  having  a  phase  that 
depends  on  direction,  a  receiver 
which  selects  and  rectifies  the  de¬ 
sired  signal,  and  a  c-r  tube  phase¬ 
meter  which  translates  the  envelope 
phase  of  the  selected  signal  into  an 
indication  of  direction. 

Operation  Of  the  direction  finder 
is  as  simple  as  tuning  a  receiver; 
the  desired  signal  is  simply  tuned 
in  and  a  propeller-shaped  indicating 
pattern  appears  automatically  on 
the  indicator  screen.  A  photograph 
of  a  typical  bearing  indication  is 
shown  in  Fig.  3.  The  tips  of  this 
pattern  indicate  the  direct  and 
reciprocal  bearings  against  an  azi¬ 
muth  scale  around  the  screen.  Iden¬ 
tification  of  the  direct  bearing  is 
accomplished  by  pressing  a  sense 
switch  to  produce  a  folded  pattern 
as  shown  in  Fig.  4.  This  folded  pat¬ 
tern  can  be  regarded  as  an  arrow¬ 
head  pointing  to  the  direct  bearing. 

EI«ctreRle  Goaiemcter 

The  operation  of  the  electronic 
goniometer  can  best  be  explained 
with  reference  to  the  functional 
block  diagram  shown  in  Fig.  5. 

The  antenna  system  consists  of 
four  omnidirectional  collectors,  N, 
E,  S,  and  W,  uniformly  disposed  on 
the  circumference  of  a  circle.  If  the 
field  of  the  received  wave  at  the 
center  of  the  antenna  system  is 
taken  as  a  phase  reference  and  de¬ 
noted  hy  E  z=En  *tn  w.f,  then  the 
signal  voltages  induced  in  the  indi- 


vidual  collector  elements  may  be 
represented  by  the  following  equa- 


tions: 
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2trd 

X 
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where  E  is  the  received  field 
strength  in  volts  per  meter,  h,  is  the 
effective  length  of  each  collector 
element,  (o«  is  the  angular  frequency 
of  the  received  signal,  d  is  the  dis¬ 
tance  from  the  center  of  the  an¬ 
tenna  system  to  each  collector  ele¬ 
ment,  X  is  the  wavelength  of  the 
received  signal,  and  a  is  the  direc¬ 
tion  of  wave  arrival  measured  clock¬ 
wise  from  north. 

In  the  usual  four-element  spaced- 
collector  systems,*  the  north  and 
south  collector  elements  are  com¬ 
bined  in  opposition  to  produce  a 
figure-eight  horizontal  directivity 
pattern  and,  in  a  like  manner,  the 
east  and  west  elements  are  combined 
to  produce  a  second  figure-eight  pat¬ 
tern  displaced  90  degrees  from  the 
first.  The  individual  outputs  of  the 
two  pairs  of  collectors  are  then  us¬ 
ually  applied  to  the  field  coils  of  a 
rotatable  goniometer  or  to  the  two 
inputs  of  a  twin-channel  receiver. 

This  system  differs  from  conven¬ 
tional  systems  in  that  the  collector 
elements  are  not  combined  directly 
in  pairs  to  produce  the  customary 
crossed  figure-eight  polar  patterns. 
Instead,  the  signal  output  of  each 
collector  element  is  modulated  inde¬ 
pendently  in  an  individual  balanced 
modulator.  The  signals  from  alter¬ 
nate  collector  elements  are  modu¬ 


FIG.  3 — In  this  rrplcol  in^cotor  pattern. 
propeUer  tips  serre  as  pointers  to  indicate 
bearing.  This  pattern  has  180-deqree  am> 
biguity.  neceesitoting  auxiliary  means  for 
determining  sense 


FIG.  4 — Throwing  o  sense  switch  folds 
back  propeller  tips  form  arrowhead 
pointing  in  true  direction  of  signal.  This 
sense  pattern  resolves  the  ambigiiity  of 
Hg.  3 

lated  in  quadrature.  In  this  manner, 
the  following  four  equal-amplitude 
carrier-suppressed  modulated  sig¬ 
nals  are  produced : 

c* w  ™  Em  K  ffln  (wef  +  — —  coea)  cosumI  (5) 
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FIG.  5— Block  diagram  oi  tho  electronic  direction  finder 


EmK  sin  -}-  — r —  sina)  sinwMt  "  2  Em  K 


“  EyE  sin  (wcf  — 


—  Em  K  sin  («*<  — 


cosa)  (KMuyt 

(7) 

-  nna) 


where  K  is  a  constant  taking  into 
account  the  effective  length  h,  and 
the  conversion  characteristics  of  the 
balanced  modulators  and  «>«  is  the 
angular  frequency  of  the  modula¬ 
tion. 

It  will  be  noted  from  Eq.  6  to  8 
that  each  carrier-suppressed  signal 
has  a  fixed  envelope  phase  but  the 
high-frequency  phase  is  a  continu¬ 
ous  function  of  x,  the  horizontal  di¬ 
rection  of  wave  arrival. 

Now,  these  four  equal-amplitude 
modulated  signals  are  combined  ad- 
ditively  in  a  common  impedance 
to  produce  a  resultant  signal,  e«, 
expressed  exactly  by 


e«  ~  2  EyK  ^sin  (^-cosa)  coBwyt 

-f-  sin  (— —  siiia)  sinwjft^  coscdef  (9) 

In  practice,  the  spacing  factor, 
d/X,  is  usually  small.  The  following 
small-angle  approximations  may, 
therefore,  be  employed  td  reduce  Eq. 
9  to  a  form  in  which  the  physical 
significance  is  more  readily  appar¬ 
ent: 


.  (%cd  \  2xd 
sm  I  — ^  cosa  1  «  — ^  w 

.  /2ird  .  \  2xd  . 

Bin  I  sina  I  w  — —  su 


Accordingly,  for  an  antenna  system 
with  small  electrical  spacing  be¬ 
tween  collectors,  the  resultant  sig¬ 
nal  is  adequately  expressed  by 

Aird 

e«  w  — —  cos  (a  —  uyt)  ooe  coaf  (12) 

The  antenna  system  with  its  as¬ 
sociated  balanced  modulators  is 


called  an  electronic  goniometer  be¬ 
cause  each  signal  in  the  output  of 
the  system  has  angle-of-arrival  in¬ 
telligence  imposed  upon  it.  This  in¬ 
telligence  is  implicit  in  the  phase 
of  the  low-frequency  envelope  of 
the  carrier-suppressed  modulated 
signal  expressed  by  Eq.  12. 

Figure  6  is  a  simplified  schematic 
diagram  of  the  electronic  goniom¬ 
eter  and  sensing  circuits.  The  tubes 
and  associated  circuits  within  each 
dotted  enclosure  are  installed  in  a 
weatherproof  junction  box  at  the 
base  of  an  antenna  mast.  The  sig¬ 
nal  derived  from  an  antenna,  for 
example  the  north  antenna,  is  ap¬ 
plied  in  phase  to  the  grids  of  tubes 
Ti  and  T..  The  plates  of  these  tubes 
are  connected  in  push-pull  through 
a  pair  of  coaxial  cables  to  the  r-f 
transformer  designated  as  combin¬ 
ing  impedance.  Modulating  signals 
having  a  frequency  of  147  cps  are 
applied  push-pull  to  the  grids  of  the 
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FIG.  7 — Balanced  modulator  usod  in  indi¬ 
cator 


tubes.  Tubes  T,  and  T,  thus  con¬ 
stitute  a  balanced  modulator.  A  po¬ 
tentiometer  Rx  on  the  control  panel 
in  the  operating  rack  serves  to  bal¬ 
ance  the  initial  gains  of  the  two 
tubes  of  the  modulator,  and  a  vari¬ 
able  resistor  adjusts  the  initial 
operating  level  of  the  entire  modu¬ 
lator.  These  controls  are  readjusted 
only  as  the  tubes  age  and  their  set¬ 
tings  are  not  particularly  critical. 
Tube  Tt  and  its  associated  circuits 
are  part  of  the  sensing  arrangement 
and  will  be  described  later.  Capaci¬ 
tor  C«  compensates  for  the  unbal¬ 
ancing  effect  of  the  output  capaci¬ 
tance  of  the  sense  tube  T,. 

The  modulators  are  designed  to 
be  substantially  aperiodic.  In  addi¬ 
tion  to  serving  as  part  of  the  elec¬ 
tronic  goniometer,  the  tubes  used 
in  the  modulators  isolate  the  an¬ 
tennas,  a  fact  of  considerable  im¬ 
portance  in  regard  to  polarization 
errors.  These  tubes  also  transform 


the  antenna  impedance  for  effective 
coupling  to  low-impedance  trans¬ 
mission  lines. 

The  receiver  employed  is  entirely 
conventional.  The  detector  output 
from  the  receiver  is  a  rectified  en¬ 
velope  having  a  direction-dependent 
phase.  This  envelope  is  applied  to 
the  bearing  indicator. 

As  previously  stated,  the  bearing 
indicator  in  this  direction  finder  is 
essentially  a  c-r  tube  phasemeter 
used  to  translate  the  envelope  phase 
of  a  selected  signal  into  an  indica¬ 
tion  of  direction. 

The  sinusoidal  output  of  a  200-kc 
scanning  oscillator  is  applied  in 
phase  to  a  pair  of  balanced  modula¬ 
tors.  Modulating  signals  having  an 
angular  frequency  of  o>«  are  applied 
to  the  balanced  modulators  in  phase 
quadrature.  The  output  of  one  bal¬ 
anced  modulator  is  applied  to  the 
vertical  deflection  plates  of  the  c-r 
tube  and  the  output  of  the  other  is 


applied  to  the  horizontal  plates. 
Now,  because  of  the  quadrature 
modulation,  the  upper  sideband 
from  one  modulator  is  in  phase 
quadrature  with  the  corresponding 
sideband  from  the  other  modulator. 
Since  these  upper  sidebands  are  ap¬ 
plied  to  space-quadrature  deflection 
plates,  they  produce  a  circularly 
polarized  deflecting  field  within  the 
c-r  tube.  Similarly,  the  lower  side¬ 
bands  from  the  two  modulators  pro¬ 
duce  a  second  and  oppositely  di¬ 
rected  circularly  polarized  field. 

According  to  a  principle  well 
known  in  optics,*  two  oppositely  di¬ 
rected  circularly  polarized  fields  of 
the  same  period  combine  to  produce 
a  linearly  polarized  field.  If  the 
relative  phase  of  the  fields  is 
changed,  the  plane  of  rotation  of 
the  resultant  linearly  polarized  field 
is  rotated  through  an  angle  equal 
to  half  the  change  of  phase. 

In  the  c-r  tube,  the  two  circularly 
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polarized  fields  differ  in  frequency 
by  twice/  the  modulating  frequency 
so  that  the  effective  phase  difference 
between  them  changes  at  the  rate 
of  2(>>«  radians  per  second.  Hence, 
in  accordance  with  the  principle 
just  stated,  the  c-r  beam  is  acted 
upon  by  a  linearly  polarized  deflect¬ 
ing  field  which  rotates  with  an 
angular  velocity  of  half  the  rate  of 
phase  change  or  <i>«  radians  per 
second. 

This  rotating  linearly  polarized 
field  gives  rise  to  a  rotating  diame¬ 
tral-line  trace  on  the  c-r  tube.  As 
the  line  rotates,  its  instantaneous 
length  is  varied  in  an  inverse  rela¬ 
tion  to  the  instantaneous  amplitude 
of  the  rectified  envelope  from  the  variable  phase-shifter  having  a  half  of  each  cycle  of  the  200-kc  scan- 
receiver  output.  The  line,  therefore,  range  of  about  120  degrees  with  ning  signal  and,  in  addition,  the 
has  full  length  at  angular  positions  subsUntially  constant  output.  This  entire  pattern  is  rotated  90  degrees 
corresponding  to  the  nulls  of  the  control  is  used  to  zero-set  the  indi-  by  changing  the  phase  of  the  modu- 
bearing-dependent  envelope  and  cator  to  agree  with  the  orientation  lating  signal.  The  resulting  sense- 
zero  length  at  positions  correspond-  of  the  antenna  system  and,  in  some  indicating  pattern  is  shown  in  Fig. 
ing  to  the  envelope  maxima.  The  re-  cases,  to  change  from  true  bearing  4.  The  sense  pattern  is  always  folded 
suiting  propeller-shaped  pattern,  indications  to  magnetic-reference  away  from  the  true  direction  of 
therefore,  assumes  an  angular  ori-  indications.  wave  arrival, 

entation  corresponding  to  the  direc-  It  is  customary  in  the  design  of 

tion  of  wave  arrival.  The  length  of  four-element  spaced-collector  direc- 

the  pattern  is  substantially  inde-  The  bearing-indicating  pattern  tion  finders*  to  employ  a  fifth  col- 
pendent  of  signal  strength.  shown  in  Fig.  3  is  characterized  by  lector  element  at  the  center  of  the 

Under  no-signal  conditions,  a  cir-  a  180-degree  ambiguity.  The  two  antenna  system  to  derive  the  neces- 
cular  area  on  the  screen  of  the  cath-  tips  of  this  propeller-shaped  pattern  sary  sensing  signal.  In  this  set,  how- 
ode-ray  tube  is  completely  illumin-  correspond  to  the  two  envelope  ever,  the  fifth  collector  is  not  used, 
ated.  This  circular  area  is  scanned  minima  per  modulation-signal  cycle  Instead,  a  portion  of  the  output  of 
twice  per  revolution  of  the  diamet-  of  the  electronic  goniometer  output  each  of  the  four  collector  elements 
ral-line  trace,  thus  resulting  in  the  represented  by  is  passed  through  a  differentiating 

superposition  of  two  filled-in  cir-  circuit  as  indicated  in  Fig.  6  and 

cular  patterns  on  the  screen.  The  e<  —  — —  cos  (a— wmO  Fig.  6.  The  four  differentiated  sig- 

significance  of  this  fact  will  become  ^^2)  ^j^^g  obtained  are  then  com- 

bined  additively  to  produce  a  sens- 
ing  signal  of  the  form  specified  by 
Eq.  13.  The  sensing  signal  obtained 
(13)  in  this  manner  maintains  a  substan- 
am-  tially  uniform  phase  and  amplitude 
.  If  with  respect  to  the  direction-depend- 
ope  ent  modulated  signal  e»  over  a  very 
VTiil  broad  frequency  range.  Moreover, 
□la-  since  the  sense  signal  and  the  direc- 
will  tion-dependent  signal  pass  through 
the  same  transmission  lines  and 
rhat  coupling  impedances,  no  practical 
jnal  sensing  difficulties  are  caused  by 
xlu.  impedance  mismatches. 


FIG.  10 — ^Beariav^pnttfaiq  pennHi  aecnrato 
reading  on  tho  wook  dgnol  thert  goro 
poorly  dofinod  pottom  In  Fig.  9 


FIG.  i — ^Thin  boaring  pottom  woi  obtoinod 
on  o  signal  obnoot  loot  in  rocohror  noioo 
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FIG.  11 — S7iiuB«(rlcoll7  split  bsoriag  pat- 
tsni  Is  dbtalnsd  midsr  idsal  propagatlen 
cendltkMis 

bearing  indicator  paneL 

The  observational  accuracy  in  di¬ 
rection  finding  is  frequently  poor, 
either  because  of  very  low  signal 
strength  or  because  of  wildly  fluctu¬ 
ating  bearing  indications. 

On  a  weak  signal  that  is  practic¬ 
ally  lost  in  the  receiver  noise  level, 
the  propeller  tips  can  become  very 
poorly  defined  as  shown  in  Fig.  9. 
A  novel  feature  of  this  bearing  indi¬ 
cator  enables  the  operator  to  split 
such  an  indistinct  and  noisy  indi¬ 
cation  into  a  pair  of  overlapping 
patterns  as  shown  in  Fig.  10.  These 
split  patterns  have  a  clearly  defined 
intersection  which  is  relatively  free 
from  noise  and  which  corresponds 
to  the  bearing.  The  enhancement 
of  observational  accuracy  achieved 
by  splitting  the  indicating  pattern 
is  obvious. 

Splitting  of  the  indication  is  ac¬ 
complished  by  combining  the  sens¬ 
ing  signal  with  the  directionally- 
characterized  carrier-suppressed 
signal  represented  by  Eq.  12.  This 
combination  of  signals  causes  the 
envelope  minima  of  the  latter  sig¬ 
nal  to  become  unsymmetrically  dis¬ 
placed  in  time.  The  rotating  dia¬ 
metral  line  on  the  indicator  screen 
traces,  in  each  of  its  revolutions,  a 
complete  propeller-shaped  pattern 
corresponding  to  each  of  the  two 
envelope  minima.  The  normal  indi¬ 
cating  pattern  shown  in  Fig.  3  is 
actually  composed  of  two  perfectly 
superimposed  propellers.  When  the 
envelope  symmetry  is  destroyed  by 
introducing  the  sensing  carrier  sig¬ 
nal,  the  two  patterns  are  displaced 
from  the  normal  angular  position 
of  the  pattern  by  equal  amounts  in 
opposite  directions,  thus  resulting 


FIG.  12 — ^Dlranity  •Ifocti  In  mcelrad 
wornfront  ptoduc*  this  unsymmstrlcallT 
splH  pottsfn 


in  split  patterns  as  shown  in  Fig.  10 
and  Fig.  11. 

A  symmetrically  split  pattern, 
such  as  is  shown  in  Fig.  11,  can  be 
produced  only  when  fairly  ideal 
conditions  prevail  in  the  wavefront 
of  the  received  signal.  When  certain 
troublesome  fine-structure  diversity 
effects  exist  in  the  received  wave- 
front,  an  unsymmetrically  split  pat¬ 
tern  as  illustrated  in  Fig.  12  is  ob¬ 
tained. 

On  wildly  fluctuating  bearings, 
the  degree  of  dissymmetry  is  con¬ 
stantly  changing  and  the  operator 
records  bearing  observations  at  the 
moments  when  the  pattern  becomes 
symmetrically  split.  The  splitting 
feature,  therefore,  serves  as  a 
means  of  evaluating  the  accuracy 
of  observations. 

Maltipl*  Oparatiea 

It  is  frequently  necessary  or  de¬ 
sirable  to  obtain  bearings  simul¬ 
taneously  on  a  number  of  signal 
sources.  For  example,  in  the  ad¬ 
ministrative  control  of  aircraft 
flights  several  dispatchers  may  re¬ 
quire  individual  direction-finding 
facilities.  The  output  from  the  elec¬ 
tronic  goniometer  described  here 
consists  of  an  entire  spectrum  of 
carrier-suppressed  signals,  each 
having  a  directionally  characterized 
envelope  phase.  A  single  antenna 
system  may,  therefore,  be  connected 
to  any  desired  number  of  receivers 
and  bearing  indicators.  The  re¬ 
ceivers  and  indicators  may  be  in¬ 
stalled  in  different  rooms  or  build¬ 
ings  to  permit  simultaneous  direc¬ 
tion  finding,  without  interaction, 
for  any  desired  number  of  signal 
sources. 


For  aircraft  navigation,  rescue 
operations,  and  the  location  of  il¬ 
licit  transmitters,  several  direction 
finders  are  operated  on  baselines, 
and  position  fixes  on  radio  trans¬ 
mitters  are  found  by  triangulation. 
In  such  cases,  the  bearings  observed 
at  the  individual  direction  finders 
are  relayed  to  a  central  point  for 
plotting.  In  aircraft  homing  a  re¬ 
ciprocal  bearing  is  relayed  to  an 
aircraft. 

The  bearing  data  are  usually  re¬ 
layed  by  code  or  voice  over  a  tele¬ 
phone  line  or  a  radio  circuit.  This 
procedure  is  often  both  time-con¬ 
suming  and  inaccurate.  To  over¬ 
come  this  difficulty,  automatic  tele¬ 
metering  arrangements  have  been 
devised  by  means  of  which  both  the 
directionally  characterized  envelope 
from  the  receiver  and  the  phase-ref¬ 
erence  signal  from  the  low-fre¬ 
quency  oscillator  can  be  relayed  di¬ 
rectly  to  a  remote  indicator  over  any 
two-terminal  communication  cir¬ 
cuit.  Bearing  data,  from  several 
ground-based  direction  finding  sta¬ 
tions,  can  thereby  be  presented 
continuously  in  plotting  centers  or 
in  aircraft. 

VHF  Applicotions 

Direction  finders  employing  a 
scaled-down  version  of  the  antenna 
system  described  here  have  been 
built  and  are  now  in  operation  over 
the  frequency  range  of  100  to  160 
me.  The  electronic  goniometer  prin¬ 
ciple  of  operation  has  proved  par¬ 
ticularly  advantageous  in  this  vhf 
frequency  range,  as  coupling  losses 
are  considerably  less  than  those 
encountered  with  mechanically-ro¬ 
tated  capacitive  or  inductive  goni¬ 
ometers. 

The  bearing-splitting  feature  has 
also  proved  extremely  useful  at  the 
higher  frequencies  where  the  prob¬ 
lem  of  achieving  adequate  sensi¬ 
tivity  is  particularly  severe  because 
of  low  antenna-pickup  factors.  This 
feature  increases  the  observational 
accuracy  of  the  bearing  presenta¬ 
tion  and  also  increases  the  total 
signal  sensitivity  of  the  system  by 
making  the  sensing  signal  con¬ 
stantly  available. 
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Electronic  equipment  performs  reliably  as  source  of  direct  current  for  eddy-current  brake 
despite  rough  handling  and  exposure  to  water  and  desert  sun.  Xenon-filled  tubes  contribute 

to  success  of  circuit  used 


for  Oil  Drilling  Rigs 


lowered  into  the  hole.  The  total 
energy  absorbed  during  each  brak¬ 
ing  to  a  stop  is  variable,  depending 
on  the  depth  of  the  hole  and  the 
weight  of  the  pipe.  Application 
of  the  brake  must  be  precise  and 
rapid.  One  slip  might  cost  a  man’s 
life,  destroy  an  investment  of  a 
million  dollars,  or  result  in  many 
delays.  The  number  of  braking 
steps  must  be  infinite  so  that 
smooth  deceleration  of  the  string 
of  pipe  is  obtained. 

Eddy-Current  Brake 

The  eddy-current  brake  deceler¬ 
ates  the  load  smoothly,  without 
shock  to  the  mechanical  system,  and 
decreases  the  speed  of  the  pipe  to 
a  slow  and  safe  value  in  a  very 
short  period  of  time.  A  solid  mag¬ 
netic-alloy  rotor  is  mounted  on  a 
shaft  that  is  directly  coupled  to  the 
drawworks  drum  shaft.  Acting  on 


this  rotor  are  four  stationary  field  To  decrease  the  time  constant 
coils  carrying  direct  current  fur-  while  increasing  field  current,  over- 

nished  by  the  electronic  control  voltage  is  momentarily  applied  to 
unit.  Eddy  currents  generated  in  the  field  coils.  As  coil  current  op- 
the  moving  rotor  vary  with  field  proaches  maximum,  the  overvolt- 
excitation.  The  higher  the  field  age  is  gradually  reduced,  as  indi¬ 
current,  the  higher  the  braking  cated  in  Fig.  1. 
torque  due  to  eddy  currents.  The  „  .  _  . 

,  .  .  .  j  1.  i  Electronic  Control  Circuit 

heat  energy  absorbed  by  the  rotor 

due  to  these  circulating  currents  To  deenergize  rapidly  without 
is  dissipated  in  the  cooling  water  allowing  inverse  voltages  to  be  gen- 
that  fiows  through  the  magnetic  erated  and  with  decay  time  at  a 
air  gap  and  directly  onto  the  rotor’s  minimum,  a  contactor  is  used  in 
eddy-current  surface  where  the  series  with  each  pair  of  coils.  Su£3- 
heat  is  generated.  ciently  large  capacitors  are  con- 

The  field  coils  surrounded  by  nected  across  the  contacts  to  allow 
iron  constitute  a  highly  inductive  contacts  to  open  before  high  arcing 
circuit,  making  the  time  constant  voltages  appear.  To  keep  at  a  safe 
of  the  electromechanical  system  minimum  the  inverse  voltages  de- 
high.''  The  time  required  to  apply  veloped  across  the  coils,  a  nonlinear 
the  brake  and  deenergize  it  must  resistor  (Thyrite)  is  connected 
be  held  to  a  minimum,  hence  spe-  across  each  pair  of  coils,  as  shown 
cial  circuits  are  required  to  coun-  in  Fig.  2.  These  limit  the  inverse 
teract  this  inductive  lag.  voltage  to  about  1,000  volts.  Dis- 


ELECTRONICS  — >IpWf,  1948 


7 

CONTACTOHn^ 

HYRITE  ,RAP 

Q/ 

0  DEENERGIZING 
SYSTEM 

T, 

FIELD  ' 

COILS 

t  ^ 

■  Sf*  ‘ 


P  i  li 


t  f 

m 


•11 

t  rl. 


»  , 


iHlj 

ffi!* 


Driller  ert  hoisting  drum,  with  right  hand  on  brake  lerer.  Eddy-current  brake  is  at  extreme  right  in  line  with  shaft  of 

hoisting  drum 

Thyiation  Braking 


AS  A  SOURCE  of  direct  current 
for  the  eddy-current  brakes 
used  in  oil  field  drilling  operations, 
electronic  controls  employing  thy- 
ratron  tubes  offer  reliability,  flexi¬ 
bility,  low  cost,  and  ease  of  mainte¬ 
nance,  and  at  the  same  time  permit 
high  operating  speeds  in  the  han¬ 
dling  of  drill  pipe. 

Any  failure  in  the  control  sys¬ 
tem  would  in  most  cases  cause  shut¬ 
down  of  the  drilling  rig.  The  cost 
for  a  drilling  operation  is  high, 
usually  about  $1,500  per  hour,  so 
that  even  a  one  or  two  hour  shut¬ 
down  would  be  serious.  The  de¬ 
sign  of  the  electronic  control  must 
therefore  be  simple,  with  a  mini¬ 
mum  number  of  components,  for 
reliable  service.  In  the  event  of 
a  failure,  the  circuit  should  fail 
safe  (with  maximum  d-c  output). 
Also,  in  the  event  of  a  tube  fail¬ 
ure,  at  least  partial  power  output 


must  be  maintained  so  that  the 
drilling  operation  may  continue. 

All  control  equipment  must  be 
designed  to  withstand  the  elements, 
since  the  control  itself  is  usually 
out  in  the  open.  Cabinet  openings 
must  be  screened  so  that  rattle¬ 
snakes,  tarantula  spiders,  and 
other  pests  cannot  enter. 

All  control  equipment  is  an¬ 
chored  to  the  quarter-inch  thick 
steel  plates  of  the  cabinet  with  rub¬ 
ber  shock  mounts,  since  unloading 
sometimes  involves  shoving  the 
equipment  off  the  back  end  of  a 
truck  for  a  four  or  five-foot  drop 
to  the  ground. 

Braking  Problem 

The  oil-well  drawworks  consist 
mainly  of  a  suitable  power  plant, 
such  as  a  1,000-hp  steam  engine, 
diesel  engine,  or  diesel-electric  com¬ 
bination,  a  means  of  changing  the 


gear  ratio  for  hoisting  or  lowering, 
a  method  of  clutching  the  hoisting 
drive  to  the  power  takeoff,  and  a 
method  of  holding  the  load  that  is 
connected  to  the  end  of  the  line. 
An  eddy-current  brake  cannot  hold 
the  load  absolutely  stationary,  and 
therefore  an  additional  friction 
brake  is  required  for  holding.  The 
eddy-current  brake  must  momen¬ 
tarily  absorb  as  much  as  6,000  hp 
for  stopping  or  slowing  down  the 
load  of  drill  pipe  or  casing. 

Drill  pipe  is  lowered  in  sections 
of  90  or  120  feet.  After  a  dull  drill 
has  been  pulled  up  and  replaced,  a 
section  of  drill  pipe  is  placed  in 
the  hole.  A  second  section  is  then 
connected  to  the  first  and  slowly 
lowered  into  the  hole  by  the  draw¬ 
works.  This  process  continues  for 
perhaps  eight  hours  until  the  en¬ 
tire  string  of  pipe,  which  can  be 
as  much  as  15,000  feet,  has  been 
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High  Altitude  Tube 


Anticorona  base  makes  an  airtight  fit  in  a  molded  socket.  By  thus  excluding  air  from 
around  base  pins,  tube  can  be  operated  at  full  rating  in  guided  missiles  flying  at  altitudes 
higher  than  ten  miles  and  in  industrial  equipment  subject  to  dust,  moisture  and  fumes 
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Equipment  operating  at  high 
altitude  or  low  pressure  must 
be  designed  with  special  attention 
to  corona  and  high-voltage  break¬ 
down.  A  high-vacuum  half-wave 
rectifier  rated  at  14,000  volts  peak 
inverse  and  capable  of  delivering 
an  average  plate  current  of  125  ma 
has  been  developed  for  use  in  such 
equipment. 

As  the  accompanying  photograph 
shows,  the  anticorona  tube  and  its 
associated  socket  are  only  about 
half  the  size  of  a  conventional  tube 
having  the  same  ratings  at  sea  level. 
The  anticorona  tube  operates  with 
full  rating  at  an  altitude  of  60,000 
feet  (at  which  the  pressure  is  about 
2  in.  of  mercury  and  the  tempera¬ 
ture  is  about  —55  F). 

The  tube  has  been  developed 
under  the  auspices  of  the  Air  Ma¬ 
teriel  C!ommand  of  the  Army  Air 
Forces  to  meet  requirements  for 
electronic  controls  in  guided  mis¬ 
siles  and  jet-propelled  airplanes  that 
reach  high  into  the  troposphere. 
However,  its  construction  suits  it 
for  use  in  industrial  instaUations 
where  protection  from  dust,  mois¬ 
ture,  vibration,  and  shock  are  essen¬ 
tial.  Before  describing  the  tube,  it 
is  advisable  to  review  the  consider¬ 
ations  by  which  it  was  designed. 


Breakdown  Considerations 

Conventional  high-voltage  tubes 
designed  to  operate  at  sea  level  can 
not  be  operated  at  their  full  ratings 
at  high  altitudes.  For  example,  with 
a  typical  pin  spacing  of  0.75  in.  and 
a  pin  diameter  of  0.125  in.,  a  tube 
base  can  withstand  in  excess  of  10,- 
000  volts  at  sea  level,  but  will  break 
down  at  2,000  volts  at  an  altitude  of 
60,000  feet. 


ConTantional  tub*  (l*it)  must  b*  consarratiTely  operated  at  high  altitudes  or  in 
contominating  atmosphere,  while  new  tub*  (right)  haring  comparable  charac¬ 
teristics  and  with  pins  completely  enclosed  con  be  operated  at  lull  rating 


In  addition  to  the  high-voltage  ture.  When  the  plane  decends,  it 
problem,  there  is  that  of  continuous  usually  passes  through  warm  air. 
tem^rature  variation.  Unless  the  Moisture  in  the  warm  air  condenses 
equipment  compartment  of  an  air-  on  the  cooler  members  of  the  plane, 
plane  is  heated,  the  electronic  equip-  freezing  in  some  circumstances, 
ment  in  a  plane  flying  at  high  alti-  Under  such  conditions,  a  direct 
tude  will  be  cooled  to  a  low  tempera-  water  path  is  formed  between  tube 
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Electronic  control  unit  for  5.000-hp  oddy-curront  broke,  with  front  coeer  remoTod.  Cabi¬ 
net  i«  mode  from  quarter-inch  steel  plate  to  withstand  rough  handling  in  oil  fields 


sipation  of  the  inductive  energy  in 
this  manner  results  in  a  decay  time 
constant  of  0.002  second. 

Since  electronic  controls  of  this 
type  must  operate  in  any  climate, 
in  temperatures  ranging  from 
—  20  F  to  110  F,  mercury-vapor 
tubes  were  out  of  the  question  with¬ 
out  auxiliary  heating  devices. 
Xenon-filled  grid-controlled  recti¬ 
fiers  are  being  used  with  consid¬ 
erable  success.  Extreme  tempera¬ 
ture  variations  have  little  effect 
on  the  critical  grid-firing  points. 
It  is  necessary,  however,  to  add  an 
R-C  buffer  system  between  the 
plate  and  cathode  of  each  tube.  The 
weight  of  xenon  molecules  is  much 
less  than  that  of  mercury  mole¬ 
cules,  hence  the  xenon  molecule  can 
accurately  follow  high  rates  of 
commutation  and  destroy  tube 
characteristics.  The  R-C  buffers 
keep  commutation  rates  at  a  safe 
value. 

Since  the  atmosphere  surround¬ 
ing  this  control  system  involves  a 
wide  variety  of  climatic  conditions 
and  may  be  explosive,  all  compo¬ 


nents  must  be  hermetically  sealed. 

In  some  cases  the  power  supply 
at  a  drilling  site  is  a  gasoline- 
driven  motor-generator  set  whose 
output  voltage  may  range  from 
180  to  260  volts.  A  voltage-regu¬ 
lating  filament  transformer  is 
therefore  used  to  stabilize  heater 
voltages,  and  a  V-R  tube  is  used  in 
the  grid-bias  reference  supply. 

The  circuit  of  the  electronic 
power  supply  for  the  eddy-current 
brake  is  fundamentally  simple,  its 
design  being  based  primarily  on 
reliability  gained  from  experience. 
The  two  secondaries  of  power 
transformer  T,  supply  two  conven¬ 
tional  full-wave  rectifier  circuits 
connected  in  the  same  phase  re¬ 
lationship  so  that  the  grids  for 
each  phase  may  be  connected  to¬ 
gether.  With  this  arrangement, 
failure  of  a  rectifier  tube  in  either 
half  of  the  system  will  not  cause 
a  complete  power  failure. 

Brake  Control  Rheostat 

Rheostat  Rt  controls  the  current 
output  to  all  fields  by  introducing 


a  variable  d-c  bias  in  series  with 
the  a-c  phase-shift  circuit  voltage 
that  also  acts  on  the  grids.  This 
rheostat  is  wound  to  cover  its  en¬ 
tire  range  in  90  degrees  of  rota¬ 
tion,  so  it  can  be  mechanically 
linked  with  the  friction-brake  lever 
at  the  driller's  position.  The  lever 
operates  the  eddy-current  brake 
through  its  first  90  degrees  of  trav¬ 
erse,  until  the  eddy-current  brake 
is  fully  applied.  Further  move¬ 
ment  of  the  lever  then  engages  the 
mechanical  friction  brake  that  is 
required  for  holding  the  drill  pipe 
stationary.  The  control  rheostat 
housing  is  explosion-proof. 

The  phase-shift  circuit  provides 
90-degree  out-of-phase  a-c  voltages 
that  can  be  shifted  above  and  be¬ 
low  the  reference  axis  by  varying 
the  d-c  bias  introduced  by  control 
rheostat  Rs,  thereby  permitting 
smooth  control  of  thyratron  output 
current  by  varying  the  fraction  of 
each  cycle  during  which  each  thy¬ 
ratron  is  conductive. 

The  return  path  from  the  mov¬ 
able  arm  of  A.  to  the  cathodes  is 
through  a  degenerative  time-delay 
circuit  that  provides  voltage  over¬ 
shoot.  The  voltage  output  from  ene 
pair  of  gaseous  rectifiers  is  volt¬ 
age-divided  by  Rx  and  R^  A  volt¬ 
age  proportional  to  that  applied 
to  the  field  coils  appears  across  R, 
and  acts  on  the  combination  of  R, 
and  C„  which  represents  a  time 
delay  equal  to  that  of  the  inductive 
load.  This  time-delay  circuit  causes 
the  voltage  applied  to  the  field  coils 
to  overshoot  during  the  charging 
time,  making  the  charging  action 
as  fast  as  is  possible  with  the  volt¬ 
age  available  to  the  field. 

Contactors  S,  and  S,  interrupt 
the  field  circuits  when  Rt  is  turned 
toward  zero,  so  as  to  obtain  rapid 
decay  of  the  inductive  load.  Capaci¬ 
tors  Ct  and  C,  are  placed  across  the 
contacts  to  eliminate  arcing,  with 
Thyrite  resistors  i?,  and  R,  across 
the  capacitors  to  protect  them  from 
high-voltage  surges. 
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FIG.  1 — Conitnictlonod  feoturM  of  anticorona  tnbo  and  sockot  combination  ptoTido 
raggodnOH  and  air-froo  pin  connoctkms.  Bom  and  socket  are  made  to  some  tolerances 


base  pins,  and  may  result  in  elec¬ 
trical  br^skdown  if  the  water  dis¬ 
solves  imparities  that  cause  it  to 
become  conductive. 

The  tube  must  also  withstand  a 
temperature  range  of  —55  C  to 
+  250  C,  a  rate  of  temperature 
change  as  high  as  1 C  per  second, 
and  be  rugged  enough  to  withstand 
mechanical  shock  and  vibration  im¬ 
posed  on  it  by  the  tremendous  rates 
of  acceleration  of  the  missiles  and 
planes  in  which  it  is  used.  These 
mechanical  requirements  prohibit 
solving  the  voltage  breakdown  prob¬ 
lem  by  simply*  increasing  pin  spac¬ 
ing  and  tube  size. 

Dielectric  strength  of  air  de¬ 
creases  rapidly  with  decreasing 
pressure;  or  more  exactly,  dielec¬ 
tric  strength  of  a  gas  is  propor¬ 
tional  to  its  density.  At  best, 
prediction  of  breakdown  in  a  mix¬ 
ture  of  gases  such  as  the  atmos¬ 
phere  is  approximate,  so  that  ac¬ 
curate  design  is  not  feasible. 

Beside  breakdown  through  the  air 
breakdown  through  the  solid  dielec¬ 
trics  of  the  tube  base  and  socket 
must  be  considered.  In  solid  dielec¬ 
trics,  rupture  occurs  when  the 
potential  gradient  throughout  a 
finite  volume  exceeds  a  critical 
value  called  the  dielectric  strength 
of  the  material.  This  dielectric 
strength  varies  with  temperature, 
thickness,  and  moisture  content. 

When  two  adjacent  dielectrics  are 
subjected  to  an  electric  field,  break¬ 
down  usually  occurs  through  the 
weaker  dielectric.  For  example, 
with  bonded  glass-mica  adjacent  to 
air,  breakdown  occurs  in  the  air 
at  the  surface  bonded  glass-mica 
because  there  is  greater  concentra¬ 
tion  of  fiux  there  than  in  the  adja¬ 
cent  air.  This  non-uniform  field  at 
the  surface  between  adjacent  dielec¬ 
trics  is  usually  further  aggravated 
by  additional  field  distortion  re¬ 
sulting  from  imbedded  terminals. 
Also,  the  intense  fields  associated 
with  high-voltage  tubes  attract  dust 
and  other  particles  to  the  surfaces 
of  the  tubes.  This  dirt  and  con¬ 
densed  moisture  pass  creepage  cur¬ 
rents  which  tend  to  lower  the  break¬ 
down  ventage. 

Base  and  Socket 

To  prevent  voltage  breakdown, 
the  tube  base  and  socket  were  de¬ 
signed  to  exclude  air  from  the  con¬ 
nection.  As  shown  in  Fig.  1,  the 


tube  base  is  tapered  to  fit  into  a 
socket  having  a  similar  shape.  The 
cable  to  the  socket  terminals  is 
bonded  directly  to  the  socket, 
so  that  at  no  point  can  air  enter 
the  system.  Thus  the  insulation  is 
directly  under  control  of  the  de¬ 
sign  engineer.  In  addition  to  ex¬ 
cluding  air  which  could  break  down 
under  voltage  stress,  this  construc¬ 
tion  also  prevents  corrosive  fumes, 
dust,  and  moisture  from  interfering 
with  the  circuit.  The  tube  is  there¬ 
fore  well  suited  to  use  in  industrial 
equipment. 

The  taper  angle  is  large  enough  so 
that  air  is  not  trapped  when  the 
tube  is  inserted  in  the  socket.  Fig¬ 
ure  2  shows  details  of  base  and 
socket  construction  and  illustrates 
how  air  escapes  until  the  tube  base 
reaches  the  very  bottom  of  the 
socket.  To  insure  complete  exclu¬ 
sion  of  air  between  the  tube  and 
socket,  and  also  to  prevent  binding, 
a  viscous  silicone  oil  (viscosity  in 
excess  of  900,000  centistokes — 


slightly  more  viscous  than  vaseline) 
is  applied  in  a  thin  layer  to  the 
tube  base  and  to  the  inside  of  the 
socket  before  inserting  the  tube. 
(If  too  thick  a  coating  is  applied, 
the  air  can  not  escape  from  under 
the  tube,  preventing  it  from  seat¬ 
ing  properly,  and  will  tend  to  push 
the  tube  out  of  the  socket)  This 
oil  does  not  deteriorate,  undergo 
change  in  viscosity,  nor  lose  its  die¬ 
lectric  strength  throughout  the 
temperature  range  from  —60  to 
+400  F  and  is  impervious  to  water 
or  ice.  The  tube  terminals  are  there¬ 
fore  surrounded  by  dielectrics  of 
high  electrical  strength  that  are 
unaffected  by  variations  of  temper¬ 
ature,  air  pressure,  or  humidity. 

A  gradual  but  firm  outward  pull 
on  the  tube  separates  it  from  the 
socket.  Because  all  tapers  on  tubes 
and  sockets  are  precision  ground, 
all  tubes  and  sockets  are  inter¬ 
changeable. 

The  tube  prongs  fit  into  spring 
rosettes  contained  in  rosette  hold- 
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FIG.  2 — Details  of  tapered  tube  base  show 
how  air  is  excluded  from  pin  connections 


ers  that  are  in  turn  molded  directly 
into  the  socket.  The  rosettes  engage 
grooves  in  the  tube  pins  and  thus 
make  good  electrical  contact  to 
them.  Bonded  glass-mica  is  used  for 
the  socket  material  because  it 
will  not  carbonize  in  the  event  of  an 
electrical  breakdown  as  would  most 
synthetic  resins.  Thus  a  flashover 
will  not  permanently  damage  the 
socket.  In  addition,  this  material  is 
closely  akin  to  glass  so  that  the  base 
and  socket  have  comparable  dimen¬ 
sional  stabilities.  It  can  be  molded 
and  ground  to  the  required  close 
tolerances. 

Because  the  socket  and  cable  com¬ 
pletely  enclose  the  high-voltage  con¬ 
ductors,  the  system  is  shockproof. 
The  cable  sheaths  and  socket  base 
plate  are  interconnected  and 
grounded. 

Electrical  Characteristics 

The  tube  itself  is  a  high-vacuum 
half-wave  rectifier  rated  at  14,000 
volts  peak  inverse.  It  can  deliver 


an  average  plate  current  of  126  ma 
and  a  peak  plate  current  of  750  ma. 
The  voltage  drop  of  the  tube  is  200 
volts  at  100  ma,  and  its  anode  is 
capable  of  an  average  dissipation 
of  75  watts.  The  thoriated,  filament 
is  rated  at  5  volts,  6  amps.  When 
the  tube  is  pulsed  at  4,000  volts 
peak,  the  filament  will  supply  in  ex¬ 
cess  of  2  amperes  of  useful  peak 
emission.  All  of  these  ratings  are 
applicable  at  any  altitude  up  to  60,- 
000  feet.  The  tube  is  only  4.37  in. 
long  and  1.75  in.  in  diameter.  Of 
this  length,  approximately  3.25  in. 
protrudes  above  the  top  of  the 
socket.  A  typical  conventional  tube 
having  approximately  the  same  elec¬ 
trical  ratings,  but  at  sea  level  only, 
is  over  8  in.  long  and  of  comparable 
diameter. 

Mechanical  Construction 

The  anode  is  fabricated  of  molyb¬ 
denum  sheet  and  coated  with  zir¬ 
conium  to  provide  continuous  get- 
tering  action  in  addition  to  the 
regular  getter.  A  standard  type 
getter  of  iron-clad  barium  is  em¬ 
ployed,  but  is  enclosed  in  a  mesh 
trap  that  prevents  the  active  mate¬ 
rial  from  migrating  to  other  por¬ 
tions  of  the  tube.  The  envelope  is 
hard  glass  so  that  it  can  withstand 
continuous  operation  at  400  F.  The 
tube  and  socket  assembly  is  capable 
of  withstanding  voltages  as  high  as 
35,000  volts  peak. 

Ruggedization  has  been  given 
special  consideration  in  the  design. 
The  short  length  of  the  tube  en¬ 
ables  it  to  better  withstand  impact 
because  of  the  reduced  moment  act¬ 
ing  on  the  anode.  In  addition,  the 
anode  is  supported  at  its  lower  end 
by  a  tripod  and  at  its  upper  end  by 
a  heavy  glass  exhaust  tubulation. 
To  protect  this  glass  support  from 
direct  thermal  radiation  from  the 
filament,  a  molybdenum  heat  shield 
has  been  welded  to  the  anode. 

Production  Processes 

Although  these  innovations  in 
tube  design  are  fairly  simple,  sev¬ 
eral  new  assembly  techniques  were 
required  to  maintain  tolerances  of 
taper  and  pin  position.  To  produce 
accurately  the  glass  discs  bear¬ 
ing  three  terminals  that  are  prop¬ 
erly  located  and  vacuum  sealed, 
powdered  glass  techniques  are  used. 
Molds  of  material  whose  coefficient 


of  expansion  matches  that  of  the 
glass  were  designed  and  accurately 
machined  so  as  not  to  warp  when 
subjected  to  the  approximately 
1,000  C  temperature  necessary  for 
melting  the  glass. 

The  rods  of  either  molybdenum 
or  Kovar  are  inserted  into  the  mold. 
A  measured  quantity  of  carefully 
sifted  and  washed  powdered  glass  is 
spread  into  the  cavity  of  the  mold. 
The  mold  is  then  heated  by  induc¬ 
tion  and  the  glass  properly  fused. 
In  this  way  the  rods  are  sealed  into 
the  glass  disc  in  perfect  alignment. 

The  glass  disc  produced  by  this 
technique  is  not  transparent;  it  is 
filled  with  millions  of  very  small  and 
very  uniformly  distributed  bubbles. 
The  Ji)ubbles  do  not  appreciably 
affect  the  electrical  strength  of  the 
glass.  On  the  other  hand,  they  in¬ 
crease  the  resistance  of.  the  glass  to 
thermal  shock,  thus  enabling  it  to 
withstand  temporary  strains  in¬ 
duced  by  large  temperature  gradi¬ 
ents. 

The  second  step  in  fabricating  the 
tube  is  to  join  the  molded  disc  in 
which  the  pins  are  sealed  to  the 
glass  taper  without  distorting  the 
work  or  requiring  excessive  grind¬ 
ing  of  the  finished  assembly.  Ordi¬ 
nary  sealing  methods  produce  more 
distortion  than  the  tube  design  can 
tolerate.  However,  molds  can  again 
be  used.  One  mold  was  designed 
to  be  affixed  to  the  tail  stock  and  the 
other  to  the  head  stock  of  a  hori¬ 
zontal  glass  lathe.  A  piece  of  glass 
tubing  that  has  been  approximately 
shaped  to  the  profile  of  the  taper  is 
held  in  one  mold  and  the  molded 
glass  disc  in  the  other,  and  the  two 
parts  fused  by  conventional  meth¬ 
ods.  While  the  assembly  is  still  plas¬ 
tic,  the  mold  is  closed  and  the 
glass  pressed  into  the  exact  shape  of 
the  finished  taper.  This  procedure 
insures  alignment  of  the  pins  with 
the  axes  of  the  taper.  The  finished 
base  is  shaped  on  a  precision 
grinder  to  the  final  tolerances  of 
=fc0.002  inch. 

The  taper  assembly  is  over  an 
inch  deep.  In  order  to  weld  the  tube 
components  into  it,  a  series  of  offset 
points  for  spot  welding  are  re¬ 
quired.  Therefore,  in  addition  to 
designing  the  tube  components  to 
meet  electronic  requirements,  they 
nave  been  designed  to  make  mass 
production  possible. 
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no.  1 — dir*ct-coupl*d  cascade  limiter  wired  lor  partial  squelch  FIG.  2 — Response  lor  two  limiter  connectiona 

SQUELCH  CIRCUITS 

Simple  circuits  for  disabling  the  audio  amplifier  of  an  f-m  broadcast  receiver  between 
stations.  In  several  arrangements'  described  the  second  limiter  is  used  as  a  d-c  amplifier 
for  supplying  squelch  voltage  and  no  additional  tubes  are  used 


SQUELCH  CIRCUITS  for  disabling 
the  audio  amplifier  in  the  ab¬ 
sence  of  a  received  carrier  have  been 
used  for  some  years  in  f-m  commu¬ 
nications  receivers,  where  intermit¬ 
tent  operation  makes  their  use 
imperative.  Noise  output  of  an  f-m 
receiver  without  an  incoming  car¬ 
rier  is  relatively  great  owing  to  high 
i-f  gain  and  the  fact  that  the  ampli¬ 
tude  limiter  becomes  an  efficient 
amplifier  for  receiver  noise. 

A  common  squelch  method  is  to 
bias  the  first  audio  tube  beyond 
plate  current  cutoff,  using  a  control 
voltage  derived  from  the  i-f  ampli¬ 
fier  or  detector.  The  additional 
amplifier  required  has  generally 
been  an  economic  impediment  to  the 
use  of  such  circuits  in  f-m  broad¬ 
cast  receivers. 

No  Extra  Tubes 

Several  squelch  circuits  to  be 
described  provide  adequate  action 
without  additional  tubes  if  the  re¬ 
ceiver  employs  a  genuine  amplitude 
limiter. 

Historically,  the  first  form  of 
such  circuits^  was  used  in  prewar 
Zenith  f-m  receivers  as  shown  in 
Fig.  1.  Tubes  Fi  and  V,  constitute 
a  cascade  limiter  in  which  the  sig¬ 


nal  from  the  i-f  amplifier  is  clipped 
on  one  side  by  Vi  and  on  the  other 
side  by  F*.  This  circuit  is  like  that 
of  any  other  cascade  limiter,  except 
for  the  positive  bias  on  the  grid  of 
V,  arising  from  the  connection  to 
B-f  through  Rx.  The  positive  bias, 
in  combination  with  the  poor  regu¬ 
lation  of  the  plate  circuit,  owing  to 
Rt,  greatly  reduces  audio  noise  in 
the  absence  of  a  signal  resulting  in 
a  partial  squelch  action  while  tun¬ 
ing  between  stations. 

The  solid  line  (A)  of  Fig.  2  shows 
the  plate  voltage  of  V,  as  a  function 
of  signal  input  with  Bi.  connected  to 
B-H,  while  the  dotted  line  (B) 
shows  the  plate  voltage  with  Bi 
grounded.  The  effect  of  the  positive 
bias  is  to  increase  the  plate  current 
of  V,  for  low  signal  levels,  thus 
dropping  the  plate  voltage  to  a  point 
below  the  knee  of  the  e,  — t,  curves 
for  a  pentode.  In  this  region  the 
g„  of  the  tube  is  low,  and  the  plate 
resistance  is  greatly  reduced.  These 
two  effects  combine  to  reduce  the 
noise  output  of  the  discriminator. 
In  addition,  the  grid-cathode  imped¬ 
ance  of  V,  is  lowered  due  to  the 
positive  bias,  decreasing  the  noise 
response  of  the  tuned  input  circuit. 
As  the  desired  signal  increases,  a 


negative  bias  is  built  up,  the  plate 
current  decreases,  and  the  d-c  plate 
voltage  rises.  Thus  in  addition  to 
its  r-f  limiting  action  the  tube  acts 
as  a  d-c  amplifier  with  the  rectified 
signal  voltage  as  a  d-c  input. 

Since  the  plate  voltage  change 
over  the  desired  signal  range  is  of 
the  order  of  fifty  volts,  it  is  an  easy 
matter  to  use  this  potential  to  dis¬ 
able  the  audio  amplifier.  Figure  3 
shows  the  circuit  used  to  disable  a 
first  audio  stage  consisting  of  a 
zero-bias  high-mu  triode. 

The  control  voltage  appearing 
across  Rt  is  divided  by  five  through 
R,  and  B«,  and  applied  to  the  lower 
end  of  the  audio  grid  resistor  Rt. 
The  cathode  of  the  audio  tube  is 
biased  positively  by  the  divider  B, 
and  Bt.  The  cathode  bias  is  adjust¬ 
able  and  is  set  so  that  the  audio 
grid  is  biased  beyond  plate  current 
cutoff  in  the  absence  of  a  signal. 
When  a  signal  is  applied,  the  posi¬ 
tive  voltage  across  B,  and  B«  is 
increased  and  the  tube  resumes 
normal  operation. 

Bypassing  capacitors  C„  C.,  and 
Ct  are  required  to  keep  residual 
noise  and  hum  off  the  audio  grid. 
The  time  constant  of  B,  and  C, 
should  be  small  enough  so  that  the 
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FIG.  4 — Squelch  developed  by  meons  oi  bias  on  the  discriminator  diodes 


squelch  action  ceases.  To  prevent 
the  grid  from  going  too  far  positive, 
Ri  is  made  large,  at  least  80  meg¬ 
ohms.  With  the  grid  too  positive  and 
too  small  a  coupling  capacitance, 
some  low  frequency  response  is  lost, 
owing  to  the  decrease  in  grid-to- 
cathode  impedance. 

The  squelch  voltage  can  also  be 
applied  directly  to  the  diode  de¬ 
tectors,  as  shown  in  Fig.  4.  Both 
diode  cathodes  are  biased  positively 
through  the  divider  and  squelch 
control  Rt  and  while  the  control 
voltage  is  applied  without  reduction 
to  both  diode  plates  through  R*.  The 
diode  plates  are  isolated  from  the 
cathodes  for  d-c  by  Cw  Adequate 
for  communications  service,  this 
arrangement  is  not  as  satisfactory 
as  the  previous  one  for  broadcast 
use  because  the  audio  level  at  the 
detectors  is  high.  When  tuning  off 
a  station  some  distortion  results 
before  suppression  is  complete. 

Amplified  Squelch 

When  the  utmost  in  performance 
&Qd  ease  of  control  is  desired  a 
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FIG.  5 — ^AmpUiied  squelch  wldi  extra  tube,  used  in  SCR-808  transmltter-receirer 


single  d-c  amplifier  can  be  added,  is  applied  to  the  grid  of  the  first 
In  Fig  5  voltage  across  the  second  audio  tube  Vt,  to  cut  off  plate  cur- 
limiter  plate  resistor  is  taken  from  rent.  With  a  signal  applied,  the 
the  divider  R„  Rt,  and  applied  to  the  second  limiter  plate  current  is  re¬ 
cathode  of  the  d-c  amplifier  The  duced,  and  the  cathode  of  V,  rises 
grid  of  this  tube  is  supplied  with  a  in  potential  respect  to  the  grid,  cut- 
variable  positive  bias  from  a  poten-  ting  off  the  plate  current  of  this 
tiometer  ' across  the  B  supply.  In  tube.  This  action  in  turn  removes 
the  absence  of  signal,  the  grid  is  the  bias  from  the  first  audio  tube, 
positive  with  respect  to  the  cathode,  RinrunuMrs- 

and  the  tube  draws  full  current.  ^  ^  ^ 

The  resulting  voltage  drop  across  R,  w.  camahan. 
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Design  of  PHANTASTRON 


ceived  which  are  separated  by  a  lay  is  roughly  linear  with  the  set¬ 
time  interval  At.  These  are  pre-  ting  of  a  linear  potentiometer  over 
sented  on  an  oscilloscope  as  X  and  Y  a  wide  range.  However  its  devia- 
in  Fig.  lA.  The  first  received  pulse,  tions  from  linearity  (several  per- 
X,  triggers  a  time-delay  circuit  cent)  and  short-time  instability  (of 
which  produces  a  marker  pulse  Z  at  the  order  of  0.5  percent)  are  definite 
a  controllable  time  after  triggering,  limitations  in  applications  where 
The  marker  pulse  may  be  adjusted  high  accuracies  are  involved.  The 
until  it  coincides  with  Y.  The  time  phantastron,  on  the  other  hand,  can 
interval  between  X  and  Y  may  then  be  made  linear  to  about  0.1  percent 
be  read  as  a  function  of  the  control.-  of  maximum  delay  and  has  a  short- 
voltage  on  the  delay  circuit.  Con-  time  jitter  of  less  than  0.05  per- 
trol  voltage  can  be  obtained  from  a  cent.**  Other  circuits,  such  as  the 
potentiometer,  calibrated  to  read  bootstrap  sweep  circuit  with  a  com- 
At  directly.  parator  diode,  produce  results  of 

A  single-shot  multivibrator  with  equal  precision,  but  are  consider- 
an  adjustable  width  of  pulse  may  be  ably  less  economical  in  the  number 
used  as  a  time  delay  with  the  first  of  tubes  employed, 
signal  initiating  the  action,  and  the 
trailing  edge  of  the  multivibrator 
output  being  used  to  develop  a  The  heart  of  the  operation  of  a 
marker.  The  width  of  the  pulse  may  phantastron  lies  in  the  production 
be  controlled  readily  and  so  a  delay  of  a  voltage  at  the  plate  which  de¬ 
time  may  be  introduced.  This  delay  creases  linearly  with  time  for  al- 
multivibratoF  *  is  simple  and  the  de-  most  the  entire  period  after  the 


The  phantastron  is  a  simple  elec¬ 
tronic  circuit  which  produces 
a  variable  time  delay  free  from 
short-time  jitter  and  stable  over 
relatively  long  periods.  In  addition, 
the  delay  is  a  linear  function  of  con¬ 
trol  voltage,  so  that  an  accurate  cali¬ 
bration  is  relatively  simple.  In  a 
particular  circuit,  the  ratio  of  max¬ 
imum  to  minimum  delay  attainable 
without  sacrificing  linearity  is  of 
the  order  of  50  to  1. 

The  need  for  time-delay  circuits 
has  become  of  importance  in  the 
past  few  years  with  the  increasing 
applications  of  radar  and  of  pulse- 
t3ri>e  navigational  aids.  In  these 
systems,  measurement  of  time  in¬ 
tervals  to  a  high  order  of  accuracy 
is  required,  and  a  circuit  such  as 
the  phantastron  is  extremely  useful 
for  such  purposes. 

A  simple  example  will  serve  to 
illustrate  the  use  of  a  time-delay  de¬ 
vice.  Assume  two  pulses  are  re- 
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TIME  DELAY  CIRCUITS 


BACKGROUND 


Developed  in  British  and  American 
laboratories  for  wartime  application 
to  radar  equipment,  the  phantastron 
circuit  is  widely  used  today  in  a  host 
of  military,  navigation,  and  industrial 
applications,  yet  is  still  one  of  the 
most  misunderstood  circuits  in  the 
electronic  field.  Designers  know  it 
works,  but  up  to  now  there  has  been 
no  detailed  explanation  of  axactiy 
what  goes  on  in  the  six  stages  of  its 
operation 


By  RICHARD  N.  CLOSE 
and  MATTHEW  T.  LEBENBAUM 


Airborne  Inatrumente  Laboratory,  Ino. 
Mineola.  Long  Island,  New  York 


The  plate  current  is  the  sum  of 
the  three  currents  shown  in  Fig. 
IB :  the  discharging  current  i.  from 
the  stray  capacitances,  the  dis¬ 
charging  current  t,  from  C„  and 
the  current  t'z,  through  the  load 
resistance.  When  the  suppressor  is 
brought  up  to  zero,  a  large  fraction 
of  the  space  current  must  flow  to 
the  plate  as  in  a  normal  pentode. 
Since  the  grid  side  of  C,  is  tied  to 
B-f-  through  the  large  grid  resistor 
Rf,  the  discharging  current  from 
C,  will  be  limited  to  approximately 
E*t/Rf 

At  the  first  instant,  the  strays 
supply  most  of  the  plate  current, 
which  is  fairly  large  since  the  tube 
wa&joperating  at  zero  grid  bias  be¬ 
fore  the  trigger. 

As  the  strays  discharge,  the  plate 
voltage  drops  and  current  flows 
through  Ri..  This  drop  is  trans¬ 
mitted  to  the  grid,  since  the  volt¬ 
age  across  C,  cannot  change  rapidly. 


initiating  trigger.  To  understand 
the  mechanism  of  this  linear  varia¬ 
tion,  it  is  useful  to  analyze  in  some 
detail  another  circuit,  the  so-called 
Miller  fed-back  time  base.  This  cir¬ 
cuit,  shown  in  Fig.  IB,  can 
produce  an  extremely  linear  time 
base. 

In  the  quiescent  condition,  the 
suppressor  is  sufficiently  negative 
to  cut  oflf  plate  current.  The  grid 
is  at  zero  because  of  the  positive 
grid  return.  Except  for  a  very  small 
grid  current,  all  of  the  space  cur¬ 
rent  goes  to  the  screen. 

If  the  suppressor  is  suddenly 
brought  up  to  zero  by  the  trigger, 
the  time  base  is  initiated.  The  cir¬ 
cuit  wave  forms  are  shown  in  Fig. 
1C.  The  solid  lines  are  for  the  case 
of  plate  current  cutoff  before  the 
plate  has  bottomed  (see'  the  follow¬ 
ing  discussion) ;  the  dotted  lines 
are  for  termination  of  the  time  base 
after  bottoming. 


As  a  result,  space  current  is  re¬ 
duced.  Since  the  plate  can  only  fall 
a  few  volts  before  the  tube  is  cut 
off,  and  because  Rl  is  quite  large, 
ii  will  be  small. 

An  equilibrium  point  is  soon 
reached  where  the  plate  current  is 
the  normal  fraction  of  the  existing 
space  current,  and  the  fall  of  plate 
voltage  is  arrested. 

Actually,  the  plate  voltage  contin¬ 
ues  to  fall,  as  is  shown  below,  but 
the  rate  of  change  of  grid  voltage 
goes  through  zero  and  becomes  posi¬ 
tive  as  C,  discharges  through  R,. 
This  occurs  when  the  rate  of  fall  of 
plate  voltage  is  exactly  equal  to 
the  rate  of  change  of  voltage  across 
Cf.  As  the  grid  rises  and  space  cur¬ 
rent  increases,  the  plate  current 
also  increases  and  the  plate  voltage 
continues  to  drop,  but  at  a  slower 
rate.  This  drop,  reflected  to  the 
grid  through  C„  retards  the  rise 
of  grid  voltage.  It  is  this  feedback 
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path  which  is  responsible  for  the 
almost  linear  fall  of  plate  voltage 
after  the  initial  jump. 

MIH«r  Effect 

One  simple  way  of  looking  at  this 
is  to  redraw  the  circuit  as  in  Fig. 
ID  and  consider  what  the  imped¬ 
ance  looking  in  at  the  terminals  1-2 
must  be.  The  input  capacitance  of  a 
tube,  as  expressed  by  the  well- 
known  Miller  effect  equation,  is 

CiB  =  C**  +  C,b(1  +  A  cos  0)  (1) 
where  is  the  grid-cathode  ca¬ 
pacitance,  €„  is  the  grid-plate  ca¬ 
pacitance,  A  is  the  gain  of  the  tube 
and  cos  I  is  the  phase  angle  of  the 
load  (unity  for  a  resistance  load). 

Normally,  C„  is  extremely  small 
in  a  pentode,  but  in  this  circuit  we 
have  deliberately  added  a  capaci¬ 
tance  between  plate  and  grid.  Since 
A  >>1,  the  capacitance  appearing 
across  terminals  1-2  will  be  very 
closely  A  X  Cf.  We  have,  therefore, 
an  RC  sweep  generator  with  an  ex¬ 
tremely  long  time-constant,  and  we 
use  only  a  very  small  portion  of  the 
exponential  rise  in  voltage  across 
Ctm  as  the  input  voltage.  This  por¬ 
tion  is  so  small  that  it  has  a  prac¬ 
tically  linear  variation  with  time. 

Figure  IE  shows  the  relative 
shapes  of  the  voltages.  The  ex¬ 
ponential  curve  with  time-constant 
of  RfC,  would  be  the  input  voltage 
if  Cg  were  connected  from  grid  to 
ground.  With  the  grid-to-plate  con¬ 
nection,  the  input  voltage  rise  has 
a  time  constant  of  A  x  R,C,.  The 
output  voltage  is  simply  e,.  times 
the  gain. 

More  formally,  one  may  express 
the  rate  of  change  of  plate  voltage 


mathematically.  This  is  useful,  for  is  a  constant,  as  follows 
it  shows  immediately  the  necessary  .  . 

conditions  for  linearity,  and  indi-  ** "  R,  " 

cates  the  region  in  which  we  must  Now,.dv,/dt  =  t,/C„  so 
operate  the  tube  in  order  to  obtain  we  have 
the  beat  results.  dvjdt  =  Egt'^R,C, 

The  variation  in  plate  current  of  During  this  stage,  e 
a  pentode  for  small  grid  variations  relatively  slowly,  and 
may  be  expressed  as  compared  to  i,  if  C,  > 

(,  «»  ,  is  chosen  to  be.  In  any 

-  +  ii;  +  i;;  is  falling  linearly,  t.  is  ( 

where  and  e,  are  the  instan-  Differefttiating  Eq.  4  ^ 

taneous  control  grid,  screen  grid,  to  time  and  multiplying 
and  plate  potentials,  /*.,  and  /i,  are  by  R^,  we  obtain 
the  screen  grid  and  plate  amplifica-  ^ 

tion  factors  respectively,  and  is  "dT  *  "iT  “ 
the  plate-control  grid  transconduc¬ 
tance.  If  we  let  V,  be  the  voltage 
across  C,  at  any  instant,  then  from 
Eq.2 


l  +  gMRL(^\  +  l/n,)R/^, 
Making  the  further  assumption  that 
fi,  >>1  and  q^Rl  >>  h  Eq.  7 
reduces  to 

de,/dt  =  —Egg'/RgC,  (8) 
This  indicates  that  if  our  assump¬ 
tions  are  valid,  the  fall  of  plate  volt¬ 
age  is  linear.  The  rate  of  fall  is 
easily  calculated  from  the  circuit 
parameters.  In  the  circuit  shown, 
for  example,  the  fall  is  approxi¬ 
mately  300  -T-  10*  X  100  X  10'“,  or 
In  order  that  di^/dt  (and  there-  3  volts  per  microsecond, 
fore  de,/dt)  be  constant,  each  term 

of  the  denominator  of  Eq.  4  must  Eottomlaq  of  Plato 

be  constant  and  the  terms  of  the  When  the  plate  voltage  in  the 
numerator  must  be  constant  or  vary  Miller  circuit  falls  to  a  very  low 
linearly  with  time.  Since  Rl  is  large  value,  our  initial  assumptions  are 
and  only  a  small  grid  change  is  re-  no  longer  justified.  At  low  plate 
quired  to  produce  a  large  output  voltages,  p.  drops  rapidly  and  n, 
voltage,  if  operation  is  above  the  approaches  1,  and  the  plate  drop  de¬ 
knee  of  the  e,i,  characteristic  of  the  parts  from  linearity.  At  some  point, 
tube,  /i,,  e.g  and  fi,g  are  relatively  the  rate  of  change  of  becomes 
constant.  The  current  i,  flowing  into  zero,  and  the  plate  is  said  to  have 
Cg  is  {Egg  —  eg)IRg,  and  since  the  bottomed.  This  is  equivalent  to 
change  of  e,  is  small  compared  to  operating  below  the  knee  of  the  pen- 
Egg,  to  a  high  degree  of  accuracy  t,  tode  characteristic.  In  this  region  a 


Solving  for  u  and  noting  that  t, 
tL  +  »,  +  if  we  obtain 
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FIG.  5 — Phantaitron  time  delay  circuit  providing  240  microseconds  maximum  delay. 
Resistor  types  speciiied  give  the  required  temperature  compensation.  Both  pulse 
transformers  ore  Utoh  X124-T2  or  equivalent 


FIG.  4— PhontOBtron  waveforms,  divided 
into  six  stages  according  to  British  custom. 
Stage  VI  is  quiescent  condition 
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drop  in  plate  voltage  reduces  the 
fraction  of  space  current  flowing  to 
the  plate,  so  that  although  the  total 
space  current  is  increasing  (grid 
voltage  rising),  the  net  plate  cur¬ 
rent  change  is  zero.  At  this  point 
in  the  cycle  there  is  no  feedback 
through  the  plate-grid  capacitor, 
and  the  grid  now  rises  towards  B+ 
at  a  rate  determined  only  by  the 
simple  time  constant,  R,C^  This 
increases  the  total  space  current 
and  screen  current  until  the  grid  is 
caught  at  zero  by  the  flow  of  grid 
current.  The  initial  conditions  then 
exist  except  that  the  plate  voltage 
remains  almost  constant  at  its  bot¬ 
tomed  value.  In  this  circuit,  the 
plate  can  only  rise  to  its  initial 
value  if  the  suppressor  grid  cuts 
off  the  plate  current 

If  this  plate  current  cutoff  could 
be  made  to  occur  when  the  plate 
first  bottomed,  the  rise  of  the  grid 
and  screen  to  their  initial  values 
would  be  greatly  accelerated.  The 
increase  in  plate  voltage  as  plate 
current  is  cut  off  would  be  reflected 
back  to  the  grid,  greatly  increasing 
the  rate  of  rise  of  grid  voltage.  As 
will  be  shown  later,  this  can  be  ac¬ 
complished  simply  by  use  of  the 
phantastron  circuit.  This  sharp  rise 
can  then  be  differentiated  and  used 
as  an  output  pulse. 

We  would  then  have  almost  all  the 
elements  of  a  time-delay  circuit: 
(1)  A  voltage  falling  linearly  with 
time;  (2)  A  relatively  fixed  voltage 
at  which  the  fall  is  arrested;  (3)  A 
method  of  obtaining  a  sharply  ris¬ 
ing  voltage  at  this  terminating 
point  for  developing  into  a  marker. 

If  we  could  control  the  plate  volt¬ 


age  at  which  the  cycle  starts,  we 
would  have  the  last  element  re¬ 
quired,  for  then  the  total  plate  volt¬ 
age  drop  (and  therefore  the  time) 
is  controllable.  There  remains  only 
to  investigate  the  linearity  of  the 
time  delay  as  a  function  of  the  con¬ 
trol  variable,  and  the  stability  of 
the  various  stages  of  the  cycle. 

Simple  Peetede  Phantastron 

Before  this  is  done,  the  workings 
of  a  simple  pentode  phantastron  Cir¬ 
cuit  will  be  analyzed  in  order  to 
draw  together  the  principles  dis¬ 
cussed  above  and  to  indicate  where¬ 
in  it  differs  from  the  Miller  circuit. 
The  circuit  is  shown  in  Fig.  2. 
Control  grid  initiation  is  used  in¬ 
stead  of  suppressor  ifrid  triggering. 
The  initial  voltages  are  shown  on 
the  schematic,  the  plate  voltage  be¬ 
ing  determined  by  the  setting  of 
The  plate  attempts  to  rise  to  B-1-, 
but  when  its  voltage  equals  that  on 
the  cathode  of  T,  (which  is  variable 
from  66  to  246  volts),  T,  conducts, 
catching  the  plate  at  that  voltage. 
This  is  the  usual  method  of  con¬ 
trolling  the  starting  voltage  of  the 
cycle,  and  for  the  values  given  in 
this  circuit,  controls  the  delay  from 
about  20  to  75  microseconds.  Since 
Tj  is  conducting,  it  holds  the  phan¬ 
tastron  grid  at  37  volts.  The  sup¬ 
pressor  is  at  20  volts,  determined 
by  a  bleeder  chain;  it  is  almost  20 
volts  negative  with  respect  to  the 
cathode,  cutting  off  plate  current. 

Following  the  British  custom,  the 
sequence  of  phantastron  operation 
will  be  divided  into  six  stages.  The 
conditions  set  forth  above  char¬ 
acterize  the  quiescent  period,  stage 


VI.  When  a  negative  trigger  of 
approximately  30  volts  peak  with  a 
steep  leading  edge  is  applied  to  the 
grid  of  Tt  through  T„  stage  I  is 
initiated.  Since  bias  resistor  R,  is 
not  bypassed,  the  voltage  on  the 
cathode  follows  the  grid  voltage  as 
in  a  catbode  follower.  Drop  in  cath¬ 
ode  voltage  is  equivalent  to  a  sup¬ 
pressor  voltage  rise,  and  at  some 
point  plate  current  begins  to  flow. 
The  resulting  drop  in  plate  voltage 
is  reflected  through  C,  to  the  grid. 
This  stage  will  then  be  recognized 
as  the  initial-jump  period  of  the 
Miller  time  base.  Only  one  point  of 
difference  is  important:  the  grid 
(and  therefore  the  plate)  must  fall 
considerably  farther  than  in  the 
Miller  circuit  to  establish  the  first 
equilibrium  point  because  the  cath¬ 
ode  voltage  follows  closely  the  grid 
voltage,  the  actual  bias  developed 
being  equal  to  Ae,(l-A)  where  Ae, 
is  the  change  in  grid  voltage,  and 
A  is  the  gain  of  the  tube  as  a  cath¬ 
ode  follower.  This  initial  jump  is 
of  the  order  of  30  to  40  volts,  de¬ 
pendent  upon  the  setting  of  the 
control  voltage. 

With  plate  current  equilibrium 
established,  .stage  II  begins.  Dur¬ 
ing  this  stage,  the  plate  voltage 
drops  linearly  in  exactly  the  same 
fashion  as  in  the  Miller  circuit.  It 
should  be  noted  that  Ti  and  Tt  are 
both  cut  off  after  the  initial  trigger 
by  the  drop  in  grid  and  plate  voltage 
respectively,  and  are  cut  off  during 
stages  I,  II,  III,  and  IV.  The  tube 
bottoms  at  the  end  of  stage  II. 

Stage  III  is  the  period  during 
which  the  grid  voltage  rises  towards 
the  supply  voltage  with  time  con¬ 
stant  RiCt,  as  discussed  previously. 
During  this  stage,  the  plate  current 
change  is  practically  zero,  and  plate 
voltage  remains  almost  constant.  As 
the  grid  voltage  (and  therefore, 
cathode  voltage)  rises,  the  sup¬ 
pressor  falls  with  respect  to  the 
cathode.  The  end  of  stage  III  is 
defined  as  the  point  where  the  sup¬ 
pressor  voltage  has  fallen  suffi¬ 
ciently  to  commence  cutting  off 
plate  current. 

During  stage  IV,  the  grid  rises 
rapidly,  as  the  plate  rise  is  reflected 
onto  the  grid.  It  is  during  this  stage 
that  the  useful  output  is  developed, 
since  the  cathode  voltage  is  rising 
steeply  enough  to  trigger  a  marker 
circuit,  such  as  a  conventional  block- 


FIQ.  6 — Phantastron  daloy  circuit  with  cothoda  follower  and  got#  output,  providing 
60  to  3,000  microseconds  delay.  Pulse  transformers  ore  the  same  type  os  in  the 

circuit  of  Fig.  5 


ELECTRONICS  — >lpn7,  1948 


103 


Table  I — Nonlinearity  Errors  in  voltage  drop  begins  to  cut  off  the 
SOO'MScrosecond  Phontastron  plate  current,  the  rate  of  cutoff 

- -  (and  therefore  the  rate  of  rise  of 

plate  voltage)  is  more  rapid  than  in 
normal  pentode.  This  plate 
Nonlinearity  voltage  rise,  reflected  to  the  grid, 
Cause  of  Error  Introduced  •  causes  the  cathode  voltage  to  rise 

Variation  of  duration  of  +0.1%  steeply,  producing  a  sharply  defined 

stage  I  with  control  output  pulse. 

vdt^  The  addition  of  the  cathode  fol- 

Vanation  of  magnitude  —0.4%  ,  „  . 

of  stage  I  lower  allows  the  plate  to  return  to 

its  initial  value  much  more  rapidly 
than  in  the  simple  phantastron.  In 
the  latter  circuit,  the  grid-plate 
coupling  capacitor  and  strays  must 
charge  through  the  high  load  re¬ 
sistance.  With  the  cathode  follower 
circuit  of  Fig.  3,  the  cathode  fol¬ 
lower  charges  C,  and  only  the  strays 
charge  through  Rl,  so  the  rate  of 
rise  of  plate  voltage  is  extremely 
rapid.'  The  wave  forms  in  this  phan¬ 
tastron  are  shown  in  Fig.  4. 

Maxinmm  Duty  Cycle 

The  duty  cycle  is  defined  as  the 
ratio  of  delay  time  to  the  time  be¬ 
tween  successive  triggers.  Since 
the  recovery  is  an  exponential 
charging  toward  B-f ,  the  maximum 
control  voltage  is  normally  limited 
to  less  than  90  percent  of  the  sup¬ 
ply  voltage ;  otherwise,  the  recovery 
time  would  be  undesirably  long. 
When  this  limitation  exists  in  the 
simple  circuit  of  Fig.  2,  the  recov¬ 


ery  time  at  maximum  delay  approx¬ 
imately  equals  the  delay  time  (50 
percent  duty  cycle). 

If  a  cathode  follower  is  used  to 
charge  C,  during  recovery  (stage 
V) ,  the  duty  cycle  is  limited  only  by 
the  time  required  to  charge  the 
stray  capacitance  between  the  phan¬ 
tastron  plate  and  ground  through 
the  large  plate  resistor  as  mentioned 
above. 


Maximum  Duluy 

If  the  phantastron  is  pressed  be¬ 
yond  the  maximum  permissible  duty 
cycle  (stage  V  incomplete),  the  de¬ 
lay  is  no  longer  a  linear  function  of 
the  control  voltage;  if  pressed  far 
enough,  erratic  triggering  will  re¬ 
sult.  In  cases  where  100  percent 
duty  cycle  is  required,  two  phantas¬ 
tron  delays  may  be  employed  in 
series,  or  a  fixed  video  delay  line 
may  be  inserted  in  series  with  the 
phantastron  trigger. 

The  maximum  delay  may  be  cal¬ 
culated  from  the  approximate  for¬ 
mula  —  V’,)/£7»», 

where  is  the  maximum  value  of 
control  voltage  and  V,  is  the  mini¬ 
mum  control  voltage  which  results 
in  delay  (40  to  60  volts). 

Minimum  Delay 

When  the  phantastron  is  trig¬ 
gered  by  a  positive  trigger  applied 
to  grid  3,  the  delay  may  be  reduced 
smoothly  to  zero  by  continuously 
lowering  the  control  voltage.  When 
a  negative  trigger  is  used,  the  mini¬ 
mum  delay  is  a  function  of  the  trig¬ 
ger  width  and  amplitude.  In  either 
case,  however,  linearity  of  the  de¬ 
lay  with  control  voltage  begins  to 
suffer  when  the  value  of  delay  be¬ 
comes  less  than  2  percent  of  the 
maximum  delay. 

Linearity 

A  linearity  error  of  ±0.1  percent 
of  when  is  greater  than 
200  microseconds,  is  obtainable  un¬ 
der  laboratory  conditions,  while  a 
linearity  error  of  0.25  percent  has 
been  achieved  in  mass  production. 
Linearity  error  is  defined  as  the 
maximum  difference  between  the 
actual  delay  and  the  delay  value  de¬ 
termined  by  straight-line  interpola¬ 
tion  between  two  calibration  points 
located  near  the  maximum  and  mini¬ 
mum  delays  respectively.  The  lin¬ 
earity  obtainable  becomes  poorer 


ing  oscillator.  Stage  IV  ends  when 
the  grid  rises  to  the  voltage  on  the 
cathode  of  T,;  this  diode  conducts, 
catching  the  grid. 

In  stage  V,  the  plate  voltage  rises 
till  it  is  caught  by  T„  and  the  cir¬ 
cuit  is  ready  for  triggering  again. 
The  speed  with  which  the  plate  can 
return  to  its  initial  value  so  that 
the  circuit  can  be  triggered  again  is 
determined  by  the  rate  at  which 
grid-plate  coupling  capacitor  C,  and 
the  strays  from  plate  to  ground  can 
be  charged  through  the  load  resist¬ 
ance. 

In  this  phantastron,  then,  it  is 
possible  to  obtain  an  output  delayed 
in  time  from  the  initiating  trigger 
by  20  to  75  microseconds,  depending 
on  the  setting  of  the  50,000-ohm 
linear  potentiometer.  This  delay  is 
closely  a  linear  function  of  the  po¬ 
tentiometer  setting. 

Pentagrid  Phantastron 

Chance  and  his  associates  at  the 
MIT  Radiation  Laboratory  adapted 
the  original  pentode  phantastron 
(developed  by  the  Telecommunica¬ 
tions  Research  Establishment,  Gt. 
Malvern,  Worcs.,  England)  to  the 
American  ts^pe  6SA7  pentagrid  con¬ 
verter.*  In  this  pentagrid  circuit, 
shown  in  Fig.  3,  grids  2  and  4  (tied 
internally)  are  used  as  the  screen 
grid,  grid  3  is  used  as  the  grid  con¬ 
trolling  plate  current  (the  suppres¬ 
sor  grid  of  Fig.  2),  and  grid  5  is 
used  as  a  normal  suppressor  grid 
(tied  to  cathode). 

One  of  the  advantages  of  the  6SA7 
is  that  the  characteristic  ex¬ 
hibits  a  very  sharp  cutoff.  During 
stage  IV,  then,  when  the  suppressor 
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FIG.  7 — A  simple  control  circuit  for  the 
phantastron  is  shown  at  A.  with  a  Toltage- 
addition  network  ior  the  same  purpose  at 
B  and.  at  C,  a  simplified  version  of  the 
network  that  neglects  the  diode  and 
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Cause  of  Error 

Approxi¬ 

mate 

Nonlinearity 
Introduced  • 

Variation  of  duration  of 
stage  I  with  control 
voltage 

+0.1% 

Variation  of  magnitude 
of  stage  I 

-0.4% 

Nonlinearity  of  slope  Emd 
variation  in  bottoming 
voltage  in  stage  II 

+0.1% 

Variation  of  duration  of 
stage  III 

-0.8% 

Control  voltage  potenti¬ 
ometer  loading 

+1.0% 

:s 


as  the  value  of  T„„  decreases.  Thus, 
for  a  phantastron  operating  be¬ 
tween  3  and  50  microseconds,  0.5 
percent  linearity  error  is  the  small¬ 
est  easily  attainable. 

In  order  to  obtain  the  above  lin¬ 
earities,  careful  selection  of  circuit 
values  is  necessary.  This  is  par¬ 
ticularly  true  since  there  are  un¬ 
avoidable  nonlinearities  in  the  vari¬ 
ous  phases  of  operation  whose 


effects  can  be  eliminated  only^by 
carefully  balancing  as  closely  as 


possible  one  against  the  other,  and 
deriving  the  necessary  additional 
compensation  from  the  loading  of 
the  control  voltage  potentiometer 
by  the  phantastron  plate  resistor. 
Table  I  summarizes  these  sources  of 
nonlinearity  and  roughly  indicates 
their  magnitude  and  direction  for 
the  case  of  a  300-microsecond  phan¬ 
tastron. 

Particularly  important  in  obtain¬ 
ing  good  linearity  are  the  values  of 
quiescent  screen  voltage  (on  grids 
2  and  4),  the  second  control  grid 
voltage  (on  grid  3),  and  the  values 
of  the  plate  and  cathode  resistors. 
Table  II  gives  recommended  com¬ 
ponent  values  for  four  different 
values  of  maximum  delay.*  Obvi¬ 
ously,  if  the  linearity  of  the  phan¬ 
tastron  is  to  be  utilized,  a  calibrated 
potentiometer  or  other  type  of  con¬ 
trol  circuit  of  very  high  accuracy 
must  be  employed  to  convert  voltage 
into  a  dial  reading  or  a  mechanical 
computer  input. 


Temperature  Compensatloe 


To  retain  linearity  and  calibra¬ 
tion  at  widely  different  ambient 
temperatures,  special  care  must  be 
exercised  in  the  choice  of  resistor 
and  capacitor  types  used.  Types  in¬ 
dicated  in  Table  II  and  in  the  cir¬ 
cuit  diagrams  of  Fig.  5  and  6  were 
chosen  so  that  the  effects  produced 
by  their  variation  with  temperature 
would  balance  as  nearly  as  possible. 
Both  positive  and  negative  coeffi¬ 
cient  resistors  and  capacitors  are 
specified. 

Unfortunately,  it  has  been  found 
difficult  to  reproduce  results  of  tem¬ 
perature  cycling  tests  when  tem¬ 
peratures  are  carried  to  the 
extremes  required  by  Service 
specifications.  Apparently,  a  hys¬ 
teresis  type  of  effect  or  permanent 
change  in  temperature  coefficient  of 
some  of  the  standard  carbon  resist- 


Table  11 — Recommended  Vedues  oi  Phantastron  Circuit  Components 
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Comp  Phantastron  Phantastron  Phantastron  Phantastron  ance 

BT  68,000  (  2w)  68,000  (  2w)  50,000  (  2w)  50,000  (  2w)  5% 

WW  5,600  (  Iw)  6,200  (  Iw)  5,000  (  Iw)  5,000  (  Iw)  5% 

WW  20,000  (lOw)  20,000  (lOw)  15,000  (lOw)  15,000  (lOw)  5% 

BT  50%\  8,200  (  Iw)  6,200  (  Iw)  5,600  (  Iw)  5,600  (  Iw)  5% 

Erie  50%/ 

BT  1  meg  (Iw)  2  meg  (Iw)  5  meg  (Jw)  5  meg  (|w)  20% 

WW  0.1  meg  (^)  0.1  meg  (2w)  0.1  meg  (2w)  0.1  meg  (2w)  20% 

— ^ -  90  nnf  475  M 4  2,000  MAif  5.000  uMf  10% 

Pemp  roeff  N150  N150  N270  N270 


Para¬ 

meter 


ors  occurs  which  upsets  the  epmpen-  since  heater  and  plate-voltage 

sation  after  several  temperature  ex-  changes  very  nearly  compensate  for 

cursions.  Also,  variation  in  the  one  another  when  the  line  voltage  is 

temperature  coefficients  of  the  car-  altered.  The  control  voltage  must 

bon  resistors  from  lot  to  lot  is  com-  be  derived  from  voltage-divider 

mon.  The  best  results  achieved  in  type  networks  operating  from  the 

practice  showed  a  variation  of  same  supply  as  is  used  for  the  phan- 

roughly  0.5  percent  in  the  phantas-  tastron  circuit  itself,  so  that  it 

tron  calibration  over  the  tempera-  drifts  exactly  in  proportion  to  the 

ture  range  of  —  50C  to  -t-70C,  with  plate  and  screen  voltages, 

most  of  the  variation  at  the  ex-  Linearity  is  not  adversely  af- 
tremes  of  temperature.  fected  by  change  of  tubes,  but  cali- 

If  it  is  desired  to  reduce  the  tern-  bration  may  change  several  percent, 
perature  effect  over  moderate  Calibration  adjustments  are  pro¬ 
ranges  of  ambient  temperature,  the  vided  in  the  control  circuit  for  this 
types  indicated  in  the  table  should  reason, 
be  satisfactory.  If  a  more  rigid 
compensation  is  desired,  it  is  recom¬ 
mended  that  an  investigation  be  A  trigger  of  at  least  30  volts  am- 
made  for  that  purpose.  This  is  par-  plitude  is  recommended.  A  positive 
ticularly  true  since  the  local  temper-  trigger  may  be  supplied  to  grid  3  or 
ature  surrounding  each  component  a  negative  trigger  supplied  to  grid, 
is  the  significant  factor  in  deter-  plate,  or  cathode.  Injecting  the  trig¬ 
mining  its  behavior,  and  this  de-  ger  through  the  control  voltage 
pends  greatly  on  chassis  layout.  diode  has  the  advantage  of  remov- 
_  ,  „  j  L  u  f  ing  the  effect  of  the  triggering  cir- 

cult  once  the  operation  has  begun. 

Variation  of  the  plate  supply  volt-  The  10,000-ohm  resistor  shown  in 
age  over  a  ±10  percent  range  pro-  series  with  the  diode  (Fig.  5)  is 
duces  a  change  in  the  delay  value  of  provided  in  order  to  isolate  the 
roughly  ±0.1  percent  of  maximum  trigger  from  the  stray  capacitance 
delay..  •  Variation  of  heater  voltage  which  exists  if  the  control  voltage 
over  a  ±10  percent  range  produces  lead  travels  any  appreciable  dis- 
roughly  a  ±0.1  percent  change,  but  tance  to  the  control  circuit,  which 
in  the  opposite  direction.  For  this  may  often  be  in  a  remote  location, 
reason  an  unregulated  supply  is  A  duration  of  at  least  2  microsec- 
normally  used  with  the  phantastron,  onds  is  recommended  for  the  posi- 
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tive  trigger  to  ensure. reliable  oper¬ 
ation.  The  negative  trigger  may  be 
somewhat  shorter. 

Costrel  Circuits 

As  has  been  mentioned  previ¬ 
ously,  the  control  circuit  is  a  net¬ 
work  designed  to  produce  a  voltage 
varying  from  roughly  50  volts, 
where  plate  bottoming  and  hence 
sero  delay  occur,  to  a  value  some¬ 
what  less  than  the  supply  voltage. 
This  voltage  may  be  derived  from 
a  calibrated  potentiometer  used  in 
a  voltage  divider  circuit,  as  in  Fig. 
7A.  The  rheostats  in  series  with 
each  end  of  the  potentiometer  are 
varied  until  the  voltages  at  the  ends, 
or  at  two  calibration  points  near 
the  ends  of  the  potentiometer,  are 
correct.  Since  the  rheostats  inter¬ 
act  on  each  other,  several  successive 
settings  of  each  rheostat  must  be 
made  before  a  solution  is  converged 
upon. 

In  certain  applications  it  is  de¬ 
sired  to  produce  the  control  voltage 
from  an  electronic  computer  whose 
output  may  be  the  sum  or  product 
of  several  variable  quantities.  Here 
it  is  often  inconvenient  or  impossi¬ 
ble  to  supply  the  50  volts  of  zero- 
delay  voltage  in  the  simple  way  de¬ 
scribed  above. 

Figure  7B  shows  a  resistance 
mixing  or  linear  voltage  addition 
network  which  allows  the  addition 
of  any  number  of  variable  or  fixed 
voltages  to  produce  the  desired  con¬ 
trol  voltage.  The  plate  resistor  of 
the  phantastron  is  considered  as 
part  of  the  network  and  is  actually 


used  to  contribute  most  of  the  zero 
voltage  by  the  current  it  draws 
from  the  network. 

Figure  7C  is  an  equivalent  circuit 
of  the  adding  network.  The  diode 
resistance  and  the  10,000-ohm  trig¬ 
ger  isolation  resistor  are  ignored 
since  they  have  no  effect  on  linearity 
and  have  only  a  second-order  effect 
on  the  calibration,  which  may  be 
ignored  initially. 

As  seen  from  the  equations  in 
Fig.  7C,  the  resultant  voltage  on  the 
phantastron  plate  is  composed  of 
definite  fractions  of  the  calibrated 
potentiometer  voltage  the  supply 
voltage  Ei,  and  the  zero  calibration 
potentiometer  voltage  Et.  When  the 
calibrated  potentiometer  arm  is 
grounded,  the  zero-calibration  po¬ 
tentiometer  contribution  plus  the 
supply  voltage  contribution  should 
produce  the  voltage  required  for 
zero  delay.  A  slope  calibration  ad¬ 
justment  is  also  provided  in  series 
with  the  top  end  of  the  calibrated 
potentiometer.  These  two  adjust¬ 
ments  are  virtually  independent  of 
one  another. 

If  desired,  additional  branches 
may  be  supplied  to  add  additional 
voltages,  and  the  slope  calibration 
rheostat  may  be  used  as  a  multiplier 
control  to  multiply  the  calibrated 
potentiometer  reading  by  any  de¬ 
sired  factor.  If  the  latter  is  done, 
the  slope  calibration  rheostat  should 
be  replaced  by  a  low-impedance  po¬ 
tentiometer  connected  across  the 
supply  voltage,  in  order  not  to 
change  the  impedance  at  the  slider 
of  the  calibrated  potentiometer. 


The  phantastron  exhibits  sizable 
calibration  drifts  with  ageing  of 
tubes  and  should  be  calibrated 
against  a  frequency  standard  or 
other  timing  standard  at  intervals 
of  20  to  50  hours  of  operation. 
Figure  8  shows  a  crystal-controlled 
timing  circuit  and  a  calibration  in¬ 
dicator  which  may  be  built  into  the 
phantastron  chassis  for  this  pur¬ 
pose.  It  consists  essentially  of  a 
crystal-controlled  oscillator  syn¬ 
chronizing  a  frequency-divider 
chain  which  produces  a  trigger  at 
a  submultiple  of  the  oscillator  fre¬ 
quency.  This  trigger  is  used  to 
trigger  the  phantastron  and  any  ex¬ 
ternal  equipment  it  is  desired  to 
synchronize  with  it. 

The  oscillator  has  a  frequency  of 
80.86  kc,  so  that  negative  synchro¬ 
nized  pips  12.37  microseconds  apart 
(exactly  one  nautical  mile  of  radar 
range)  are  produced  at  the  output 
of  F,,.  These  pips  are  fed  into  the 
cathode  of  Vt»,  which  is  normally 
biased  well  beyond  cutoff,  and  are  of 
sufficient  amplitude  so  as  to  bring 
the  grid  almost  up  to  cutoff.  In  this 
condition,  a  positive  pulse  applied 
on  the  grid  will  cause  conduction  of 
plate  current  and  will  appear  ampli¬ 
fied  at  the  plate.  A  positive  pulse 
appearing  at  any  other  time  will  not 
appear  at  the  plate  unless  it  is  of 
very  large  amplitude. 

A  large  time  constant  composed 
of  an  0.01-^f  capacitor  and  a  10- 
megohm  plate  resistor  is  used  in  the 
plate  circuit  so  as  to  integrate  the 
amplified  pulses  into  a  steady  d-c 
voltage.  The  voltage  is  directly  cou- 


FIG.  9 — In  two-Bcal*  d*lay  circuit  stop- 
delay  phantastron  producos  uniformly 
spaced  pips  to  trip  Temier  phantastron 
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FIG.  8 — Crystal-controlled  trigger  source  ond  neon  lump  coincidence  calibrating 
circuit  for  use  in  con]unction  with  a  phantastron  delay.  All  pulse  transformers  ore 
the  some  type  os  in  the  circuit  of  Fig.  5 


FIG.  10 — Block  diagrom  of  procision  phcno- 
•hiit  dolay  circuit  using  a  phontastron 
as  an  ambiguity  rosolror 

pled  to  the  grid  of  V**,  which  is 
essentially  a  cathode  follower  nor¬ 
mally  biased  so  as  to  draw  sufficient 
current  to  light  the  0.25-watt  neon 
bulb  in  its  plate  circuit. 

The  delayed  pulse  controlled  by 
the  phantastron  circuit  is  fed  into 
the  grid  of  As  the  delay  is  ad¬ 
justed  so  as  to  coincide  with  the 
first  one-mile  interval  of  the  pip 
generator,  the  phantastron  delayed 
pulse  comes  into  coincidence  with 
the  first  one-mile  pip  and  a  voltage 
is  built  up  across  the  plate  load. 
This  lowers  the  bias  on  and 
causes  the  neon  lamp  to  dim.  The 
bias  on  is  set  so  that  the  lamp 
does  not  completely  extinguish, 
since  the  voltage  required  to  restart 
the  glow  discharge  is  appreciably 
higher  than  its  extinction  voltage, 
and  dead  space  or  electronic  back¬ 
lash  would  be  introduced. 

By  selecting  two  crystal-con¬ 
trolled  pips — one  near  each  end  of 
the  delay  range  to  be  covered — ^the 
zero  and  slope  may  be  set  by  setting 
the  calibrated  potentiometer  to  read 
the  proper  value  and  adjusting  the 
calibration  adjustments  until  the 
neon  lamp  dims.  The  one-mile  pip 
is  used  rather  than  the  zero  pip 
since  the  phantastron  is  nonlinear 
in  the  region  of  zero  delay.  The 
proper  pip  may  be  chosen  by  count¬ 
ing  the  number  of  times  the  light 
blinks  as  the  calibrated  potentiom¬ 
eter  is  turned  through  its  range. 

Casead*  Delay 

Where  a  long  delay  of  very  high 
precision  is  required,  the  0.1-per- 


FIG.  11 — Block  diagram  and  timing  dia¬ 
gram  of  a  phantastron  delay  for  automatic 
tracking  of  moTing  radar  signals 


cent  accuracy  of  the  phantastron 
may  be  improved  by  using  two  or 
more  of  them  in  a  cascade  delay 
(Fig.  9).  The  first  phantastron  is 
controlled  by  a  step-type  potentiom¬ 
eter  calibrated  so  as  to  produce 
equal  increments  of  delay  as  it  is  ad¬ 
vanced  from  one  position  to  the 
next.  The  output  of  this  phantas¬ 
tron  fires  a  narrow  selector  gate 
which  is  injected  into  the  cathode 
of  a  coincidence  amplifier.  Crystal- 
controlled  pips  are  fed  into  the  grid, 
and  the  desired  pip  appears  ampli¬ 
fied  at  the  plate.  The  position  of 
this  pip  is  independent  of  the  cali¬ 
bration  errors  of  the  phantastron 
(so  long  as  these  are  not  larger  than 
half  the  width  of  the  selector  gate) , 
and  is  accurate  within  the  precision 
of  the  crystal  oscillator.  This  accu¬ 
rately  delayed  pip  is  then  used  as  a 
trigger  for  the  second  or  vernier 
phantastron,  which  covers  the  time 
interval  between  pips.  In  this  way  a 
long  time  interval  can  be  measured 
with  the  precision  normally 
achieved  in  measuring  a  much 
shorter  time  interval.  One  of  the 
drawbacks  encountered  in  this 
method  is  the  nonlinearity  of  the 
vernier  phantastron  at  the  lower 
end  of  its  range.  This  can  be  over¬ 
come  by  overlapping  the  vernier 
phantastron  into  the  second  pip 
interval. 

A  more  convenient  type  of  two- 
scale  dtelay  employs  a  precision  RC 
phase-shift  network  to  shift  the 
phase  of  the  crystal  oscillator  con¬ 
tinuously  through  360-degree  cycles 
(Fig.  10).  This  produces  a  set  of 


synchronized  pips  which  appear  to 
travel  continuously  in  time  as  the 
capacitor  is  rotated  continuously 
through  many  cycles  of  phase  shift. 
By  using  a  phantastron  and  selector 
gate  to  follow  a  particular  pip  and 
exclude  all  others,  a  continuously 
variable  delay  of  high  precision  is 
obtained.'  In  practice,  the  phase- 
shift  capacitor  is  geared  mechan¬ 
ically  through  a  speed  reduction  box 
to  the  phantastron  control  voltage 
potentiometer  so  as  to  provide 
tracking. 

Automatic  Troekiug 

Where  it  is  desired  to  measure  a 
changing  time  interval  continu¬ 
ously,  such  as  in  an  antiaircraft 
radar,.the  delayed  pip  may  be  made 
to  follow  the  target  pulse  auto¬ 
matically.  A  simple  version  of  such 
a  system  is  shown  in  Fig.  11.  Two 
gates  adjacent  in  time,  called  the 
early  and  late  gates  respectively, 
are  positioned  by  the  phantastron. 
Through  an  electronic  or  electro¬ 
mechanical  servo  loop  the  phantas¬ 
tron  voltage  is  continuously  ad¬ 
justed  so  as  to  keep  the  target  pulse 
exactly  split  between  the  early  and 
late  gate. 

The  area  of  the  pulse  falling  in 
the  early  gate  is  measured  by  a  co¬ 
incidence  amplifier  gated  by  the 
early  gate,  while  the  area  falling  in 
the  late  gate  is  measured  by  a  coin¬ 
cidence  amplifier  gated  by  the  late 
gate.  The  two  coincidence  amplifier 
d-c  voltages  may  then  be  used  to 
operate  a  small  d-c  motor  which 
through  suitable  gearing  turns  the 
range  voltage  potentiometer  (and 
phase-shift  capacitor  in  the  case  of 
a  two-scale  delay)  so  as  to  correct 
the  position  of  the  gates. 

Adequate  damping  must  be  em¬ 
ployed  to  prevent  oscillation  or 
hunting  of  the  servo  system.  Rate¬ 
measuring  circuits  may  be  included 
in  conjunction  with  memory  circuits 
to  maintain  a  continuous  rate  of 
change  of  delay  in  absence  of  signal 
or  when  the  scanning  radar  beam 
is  off  the  target. 
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-Dielectric  octlon  com  be  reproduced  at  mterowaree  by  arrangements  of  metoUlc  discs  Qeft)  or  spheres  (center), 
n^g  metallic  dielectric  ore  useful  oeer  greater  bandwidths  than  the  waveguide  type  lens  (right) 


Broadband  Lens  Antenna 
for  Microwaves 


Metal  pieces  distributed  like  atoms  in  large-scale  replicas  of  crystal  lattices  produce  focus¬ 
ing  action.  Lenses  constructed  of  metallic  dielectric  made  in  this  manner  operate  over 
the  very  great  bandwidths  that  are  desirable  for  efficient  microwave  radio  relays 


Beaming  of  microwaves  can  be  lenses  in  which  small  pieces  of  metal 
accomplished  by  metallic-dielec-  grouped  in  close  array  produce  the 
trie  lenses.  In  contrast  to  wave-  same  action  on  microwaves  as  atoms 
guide-type  metallic  lenses,  which  in  crystal  lattices  produce  on  light 
transmit  waves  at  higher  phase  waves.  A  waveguide-type  lens  is 
velocities  than  does  air,  metallic-  also  pictured, 
dielectric  lenses  focus  by  trans¬ 
mitting  the  waves  at  lower  phase 
velocities.  Metallic  lenses  of  the  waveguide- 

Because  their  refractive  power  type  are  now  being  used  in  the  New 
depends  on  composition,  and  not  on  York-to-Boston  microwave-relay 
wavelength  as  in  waveguide  lenses,  link.  The  refractive  power  of  these 
dielectric  lenses  can  focus  a  very  lenses,  employing  thin  metallic 
wide  band  of  frequencies.  Thus  plates,  depends  on  the  length  of  the 
they  constitute  a  desirable  com-  radio  waves  passing  through  them, 
ponent  for  multichannel  radio  re-  As  a  consequence,  waves  having  dif- 
lays,  comparable  in  bandwidth-han-  ferent  wavelengths  are  focused  at 
dling  ability  to  the  traveling-wave  different  points.  The  bandwidth 
tube.  over  which  such  lenses  operate  sat- 

To  aid  in  initial  design  a  metallic-  isfactorily  is  limited  to  about  20 
dielectric  lens  was  formed  by  seal-  percent  of  the  center  frequency  for 
ing  up  a  crystal  lattice  responsible  most  microwave  applications, 
for  the  focusing  of  light  waves.  It  is  known  that  lenses  made  of 
Figure  1  shows  two  types  of  such  glass  or  polystyrene  focus  micro- 


waves  just  as  they  do  light  waves, 
and  that  they  operate  satisfactorily 
over  a  very  wide  range  of  wave¬ 
lengths.  However,  for  many  appli¬ 
cations  such  lenses  would  have  to 
be  10  feet  or  more  in  diameter  and 
would  weigh  several  tons.  It  seemed 
logical  to  believe,  however,  that  if 
the  atomic  lattice  structure,  which 
physicists  think  constitutes  the 
molecules  of  a  crystalline  material, 
can  focus  light  waves,  a  scaled-up 
version  or  model  of  this  lattice 
structure  would  also  focus  electro¬ 
magnetic  waves  of  equally  scaled-up 
wavelength. 

The  advantage  to  be  gained  by 
this  procedure  is  that  the  individual 
elements  of  the  scaled-up  lattice  can 
be  made  of  metal.  Furthermore,  be¬ 
cause  radio  waves  induce  currents 
only  on  the  surface  of  the  lattice 
elements  if  these  elements  are 
spheres  they  can  be  made  hollow. 


Metallic  Dielectrics 
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electronic  processes  occurring  in  placed  in  the  proper  position  rela- 
their  true  dielectric  counterparts,  tive  to  the  prism  to  pick  up  the  in- 

The  free  electrons  in  the  metallic  dividual  channels  of  the  radio  wave 

elements  of  the  array  flow  back  and  as  in  a  spectrometer, 
forth  under  the  action  of  the  alter¬ 
nating  radio  field  and  cause  the 
elements  to  become  oscillating  di¬ 
poles  similar  to  the  oscillating 
dipoles  of  the  dielectric.  The  array 
thus  exhibits  polarization,  a  prop¬ 
erty  of  dielectrics  related  to  their 
refractive  or  focusing  power.  Since 
the  array  of  conducting  elements 
refracts  or  bends  radio  waves,  it 
can  be  formed  into  a  lens  for  focus¬ 
ing  microwaves. 

For  broad  band  operation,  the 
only  requirement  is  that  element 
spacing  and  size  be  small  relative 
to  the  minimum  wavelength  to  be 
employed.  When  the  spacing  of  the 
lattice  becomes  larger  than  the 
wavelength  the  waves  become  dif¬ 
fracted  and,  instead  of  producing 
the  desired  single  sharp  beam,  a 
diffraction  pattern  results.  The  en¬ 
ergy  is  then  scattered  in  many  di¬ 
rections,  as  in  the  case  of  x-ray  dif¬ 
fraction  patterns  where  the  wave¬ 
length  is  short  compared  to  the 
crystal-lattice  spacing. 

If  the  elements  are  not  small  rela¬ 
tive  to  the  wavelength,  they  may 
become  resonant  and  the  refractive 
power  of  the  array  will  change  with 
wavelength.  The  material  then  ex¬ 
hibits  dispersion,  and  although  this 
is  objectionable  in  a  lens,  the  prop¬ 
erty  might  be  useful.  For  example, 
a  prism  built  of  such  a  dispersive 
refractive  medium  will  split  the  fre¬ 
quency  bands  of  a  multichannel 
radio  wave  just  as  a  glass  prism 
splits  white  light  into  the  colors 
Artificial  metallic  dielectrics  re-  of  the  visible  spectrum.  Separate 
produce,  on  a  much  larger  scale,  the  receiving  antennas  could  then  be 


Dielectric  vs  Other  Types 

Both  the  new  lens  and  the  earlier 
waveguide  lens  are  metallic  lenses 
in  that  their  refractive  power  is 
due  solely  to  the  metallic  members 
which  constitute  them.  The  advan¬ 
tage  of  the  new  lens  is  its  property 
of  being  effective  at  many  wave¬ 
lengths.  All  of  the  advantages  of 
the  earlier  waveguide  lens  such  as 
tolerance,  beam-forming  qualities 
and  shielding  protection  are  re¬ 
tained  in  the  new  lattice  lenses.  As 
in  glass  or  dielectric  lenses,  the 
waves  ^ire  slowed  down  or  delayed ; 
they  may  therefore  be  called  metal¬ 
lic  delay  lenses.  Figure  8  shows  the 
difference  in  action  to  the  two  types 
of  lenses. 

Regarding  tolerance,  the  advan¬ 
tages  of  a  lens-type  microwave  an¬ 
tenna  over  a  reflector  type  are  con¬ 
siderable.  They  result  chiefly  from 
the  warping  which  is  permitted  in  a 
lens  but  not  in  a  reflector.  The  gain 
of  an  antenna  is  reduced  when  the 
emerging  phase  fronts  are  not  abso¬ 
lutely  flat.  If  the  two  halves  of  a 
paraboloid  are  displaced  from  the 
mean  surface  by  only  1/20  of  a 
wavelength  (a  fraction  of  an  inch 
at  microwavelengths),  the  gain  is 
down  1.7  db.  Figure  4  shows  that 
a  lens,  on  the  other  hand,  can  be 
twisted  (or  displaced)  from  its  cor¬ 
rect  position  without  serious  effect. 
Thus,  a  warping  of  the  final  lens 
can  be  tolerated  which  would  com¬ 
pletely  ruin  the  performance  of  a 
reflector.  In  addition,  a  horn  can 
be  readily  used  with  a  lens  to  shield 


fig.  2 — ^Bioad  bomd  microwave  lena 
model  is  lorge-scalo  replica  oi  crystal 
lattice,  made  by  pasting  metallic  discs  on 
polystyrene  foam 
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or  can  even  be  thin  metal-foil  disks, 
as  in  Fig.  2.  By  this  means  it  is 
theoretically  possible  to  build  a  lens 
having  only  one-thousandth  the 
weight  of  an  equal-size  glass  lens. 
Actually,  the  new  lenses  are  made 
heavier  than  this  to  give  them  the 
required  strength,  but  they  still 
weigh  less  than  glass  lenses. 

Properties  of  Lenses 


3 — MetolUc-dieloctric  Imu  (loft)  delays  waves  in  proportion  to  its  dielectric  constont  to  produce  focusing.  Waveguide  *Tntf . 
three  forms  of  which  are  also  shown,  advonce  waves  in  proportion  to  thickness  to  produce  focusing 
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the  system  from  side  radiation. 

The 'fundamental  principles  in¬ 
volved  in  the  conception  of  the 
metallic  delay  lens  are  based  on  the 
polarization  ensrendered  by  the  pres¬ 
ence  of  the  metallic  elements.  The 
dipole  stren^rth  or  effectiveness*  of 
the  element  is  expressible  by  means 
of  its  polarizability  (which  can  be 
calculated).  The  effective  dielectric 
constant  of  the  array  is  then  given 
as  the  sum  of  the  free-space  dielec¬ 
tric  constant  plus  the  product  of  the 
number  of  elements  per  unit  volume 
times  the  polarizability.  This  is  ex¬ 
pressible  by  the  equation  «=tfl+Na. 
The  effective  dielectric  constant  is 
thus  seen  to  be  increased  either  by 
greater  density  of  elements  or  by 
increasing  the  polarizability  a  of 
the  individual  element.  Since  the 
polarizability  of  spheres,  discs  or 
strips  can  easily  be  calculated  theo¬ 
retically  the  effective  dielectric 
constant  of  an  array  of  such  ele¬ 
ments  can  also  be  determined  to 
permit  the  design  of  delay  lenses. 

Since  lenses  of  this  type  will  ef¬ 
fect  an  equal  amount  of  wave  dday 
at  all  wavelengths  which  are  long 
compared  to  the  size  and  spacing 
of  the  elements,  they  can  be  de¬ 
signed  to  operate  over  any  desired 
bandwidth.  For  large  operating 
bandwidths,  the  stepping  process 
used  in  waveguide  lenses  (Fig.  1), 
is  to  be  avoided  since  a  step  design 
is  correct  only  at  one  particular 
wavelength.  Unstepped  lenses  are 
thicker,  but  the  diffraction  at  the 
steps  is  eliminated  and  higher  gain 
and  superior  pattern  are  achieved. 


CONVEX 

CONTOUR 
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FIG.  5 — Practical  construction  of  motallic-dielectric  lens  consists  oi  thin  metal  strips 
instead  oi  spheres  or  discs 


give  a  desired  focal  length  can  be 
calculated  from  optical-ray  theories. 
The  proper  profile  is  marked  on 
each  foam  slab,  and  the  slabs  are 
stacked  on  top  of  one  another  to 
form  the  complete  lens. 

The  complete  antenna  with  horn 
shield  has  an  exterior  appearance 
much  like  the  waveguide  lenses  now 
in  service.  The  lens  is  protected 
from  the  weather  by  a  plastic  cover. 
One  antenna  with  shield,  planned 
for  the  New  York  to  Chicago  relay, 
exhibited  an  effective  area  (efiS- 
ciency)  of  60  percent  of  its  actual 
area  over  a  500-megacycle  band  of 
frequencies  at  an  operating  frequ¬ 
ency  of  4,000  megacycles.  In  con¬ 
trast  to  this,  ten-foot  square  wave¬ 
guide  lenses  have  only  a  50  percent 
effective  area  at  midband  and  faU 
off  1.5  db  in  gain  at  the  edges  of 
the  band.  The  impedance  match 
of  the  new  lens  was  under  0.5  db 
standing-wave  ratio  and  the  direc¬ 
tional  pattern  in  the  horizontal 
plane  had  its  minor  lobes  sup¬ 
pressed  35  db  or  better. 

The  gains  afforded  can  be  illus¬ 
trated  by  an  example.  For  a  relay 
link,  two  six-foot  shielded  lenses, 
one  transmitting  at  one  end  and 
one  receiving  at  the  other  end  of 
the  path,  increase  the  power  re¬ 
ceived  by  73  db  or  20  million  times 
over  the  case  of  two  open  (iso¬ 
tropic)  radiators  at  the  same  path 
separation.  Each  antenna  has  a 
gain  of  36.5  db  over  an  isotropic 
radiator. 


such  as  the  sphere  array  and  disc 
array,  one  form  that  is  simple  to 
construct  is  that  employing  metal 
strips  as  the  polarized  elements. 
Such  construction  allows  the  use  of 
only  one  type  of  wave  polarization 
(the  disc  and  sphere  types  focus 
any  type  of  polarization;  vertical, 
horizontal,  circular,  elliptical) . 
However,  by  using  polystyrene- 
foam  slabs  having  slots  cut  in  them, 
the  assembly  and  support  of  the 
strip  array  is  made  quite  simple, 
as  shown  in  Fig.  5.  Polystyrene 
foam  is  light  (1.5  lb.  per  cubic  ft), 
has  negligible  effect  on  the  waves 
(*  =  1.02),  and  yet  provides  a 
strong,  rigid  support  for  the  strips 
which  may  then  be  made  only  a 
few  thousandths  of  an  inch  thick. 
Knowing  the  index  of  refraction 
Although  the  metallic  dielectric  of  the  artificial  dielectric,  the  shape 
can  be  designed  in  various  forms,  or  profile  of  the  lens  required  to 


Antenna  for  Radio  Relay 


FIG.  4 — Bodlatloa  pattern  oi  xnetolUc-dielectric  lens  is  sharp  beam  eren  U  lens  is 
not  oriented  perpendicularly  to  line  of  transmission 
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Improvements  made  in  construction  of  electron  tubes  prevent  mechanical  failures  caused 
by  extremes  of  shock  and  vibration  and  increase  useful  life  under  such  conditions.  Methods 
of  testing  and  details  of  specific  types  are  included 


Rugged  electron  tube  develop¬ 
ment  was  the  outgrowth  of 
military  demands  early  in  the  war, 
when  it  was  found  that  existing 
tubes  were  inadequate  to  satisfy 
the  requirements  of  the  severe  con¬ 
ditions  of  military  usage. 

Requests  by  the  Bureau  of  Ord¬ 
nance  and  the  Bureau  of  Aeronau¬ 
tics  in  1943  to  the  Bureau  of  Ships 
established  an  intensive  develop¬ 
ment  program  whose  objective  was 
to  make  improvements  in  electron 
tubes  to  prevent  mechanical  fail¬ 
ures  caused  by  extreme  gunfire, 
shock  and  vibration,  and  to  increase 
useful  electrical  life. 

The  Naval  Research  Laboratory, 
with  the  cooperation  of  the  Bureau 
of  Ships,  prepared  basic  specifica¬ 
tions  whose  essence  follows: 

The  existing  electrical  require¬ 
ments  and  operational  limits  listed 
in  Joint  Army  and  Navy  Electron 
Tube  Specifications  are  to  be  met, 
and  in  addition  the  tube  structures 
are  to  withstand  vibration  over  a 
range  of  frequencies  tentatively  set 
between  0  to  60  cycles  per  second 
at  an  amplitude  of  0.04  or  0.10  inch. 
No  structure  is  to  exhibit  pro¬ 
nounced  mechanical  resonance, 
within  the  frequency  range  tenta¬ 
tively  set  between  0  and  100  cycles 
per  second.  Structures  are  to 
withstand  vibration  for  sustained 
periods,  tentatively  set  at  96  hours, 
and  withstand  high  impact  shock 
similar  to  that  encountered  in 
service. 

In  addition,  low  factors  of  micro- 
phonic  audio-frequency  and  radio- 
frequency  noise  are  listed  for 
development. 


amplitude  not  more  than  0.04  inch 
and  of  frequency  from  6  to  30 
cycles.  Priebe  of  the  Squier  Signal 
Laboratories  has  found  that  vehicu¬ 
lar  vibrations  may  range  from  1 
to  3  cycles  per  second  at  5g,  10  to  60 
cycles  per  second  at  2g,  up  to  60  to 
100  C3?cles  per  second  at  Ig.  Air¬ 
craft  vibrations  may  be  expected  in 
the  range  from  0  to  10,000  cycles. 

High-magnitude  accelerations  in¬ 
volving  very  large  velocity  change 
present  another  source  of  destruc¬ 
tive  mechanical  force  to  electronic 
apparatus.  Destructive  accelera¬ 
tions  as  high  as  15,000  to  50,000g 
may  be  experienced  when  high-ve- 
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cient  to  damage  apparatus  may  re¬ 
sult  from  dropping  or  rough  hand¬ 
ling  equipment.  Accelerations  last¬ 
ing  for  about  a  millisecond  may 
easily  extend  up  to  magnitudes  of 
l,000g  (g=acceleration  due  to 
gravity)  at  electron  tube  locations 
for  severe  shocks. 

Destructive  vibrations  are 
another  source  of  damage  to  mili¬ 
tary  equipment.  Shipboard  vibra¬ 
tions  may  be  expected  to  be  of  an 
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Types  of  Shock 

Shocks  occurring  aboard  ships 
and  military  vehicles  arise  from  the 
firing  of  guns,  near  hits,  depth 
charges,  mines  and  obstructions 
found  in  travel.  Other  shocks  suffi- 


yiG.  1 — Flyweight  high-impact  machine  deveioped  at  NRL  for  teetlag  electronic  devleee 
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FIG.  3 — X-ray  yiew  of  the  nonnigqed  6L6GA  i>  shown  at  left.  The  double  MAS 
construction  forming  the  6L6WGA  appears  at  right 


locity  projectiles  are  fired  from 
fiTuns. 

Test  Equipment 

To  apply  destructive  shock  for 
the  development  of  rugged  electron 
tubes,  the  Naval  Research  Labora¬ 
tory  designed  the  Flyweight  high- 
impact  machine  shown  in  Fig.  1.  In 
this  machine,  the  shock  level  is 
varied  by  the  angle  through  which 
a  hammer  pendulum  falls.  Shock 
conditions  generated  by  this  equip¬ 
ment  are  studied  by  high-speed 
streak  photography  and  by  a  quartz 
crystal  type  pf  accelerometer. 

The  streak  photography  method 
of  calibration  of  the  shock  equip¬ 
ment  graphically  presents  the 
movement  of  the  hammer  and  the 
table  and  is  a  recording  on  a  film 
moving  between  3  to  4  feet  per 
second.  By  this  method,  a  displace¬ 
ment  versus  time  and  velocity 
versus  time  relationship  for  the 
shock  equipment  may  be  obtained 
as  shown  in  Fig.  2. 

With  the  quartz  crystal  accelero¬ 
meter,  the  exact  time  interval  of 
the  initial  shock  pulse  may  be  ob¬ 
tained.  The  output  of  the  quartz 
crystal  accelerometer  is  photo¬ 
graphed  from  a  cathode-ray  tube  by 
a  high-speed  camera  on  a  film  mov¬ 
ing  at  a  speed  of  about  7  feet  per 
second. 

The  NRL  Flyweight  high-impact 
machine  operates  by  having  a  steel 
hammer  strike  a  metal  table.  The 
unique  features  are  that  repetitive 
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FIG.  2 — Streak  photographic  diaplace- 
ment-tfane  currei  obtained  on  the  impact 
machine  with  o  hammer  drop  of  15  cmd 
60  degree! 


hammer  shocks  can  be  given  at  a 
certain  level  and  the  automatic  re¬ 
turn  of  the  moving  table  to  which 
the  shock  is  applied.  Samples  un¬ 
der  examination  may  be  mounted 
in  all  planes  and  rated  operating 
voltages  may  be  applied  or  other 
detecting  equipment  attached. 

Other  Methods  * 

Continuous  vibration  provides  a 
method  for  detecting  failures  in 
operation  resulting  from  weakness 
under  torsion,  compression,  tension 
or  abrasion.  The  vibration  machine 
is  usually  designed  to  carry  a  large 
number  of  specimens  and  provide 
examination  at  specific  frequencies 
of  vibration  and  displacement  for 
sustained  periods.  Joint  Army-Navy 
Specifications  list  periods  of  96 
hours  and  frequencies  of  25  cycles 
with  amplitudes  of  0.04  inch.  Such 
failures  as  abrasion  of  micas,  fa¬ 
tigue  of  welds  and  separation  of 
crystalline  structures  along  binding 
surfaces  have  been  found  to  exist. 
Vibration  machines  have  been  built 
to  cycle  over  a  range  of  frequencies 
at  variable  amplitudes  of  vibration. 

A  device  used  for  mechanical 
resonance  examination  at  NRL  con¬ 
sists  of  a  platform  attached  to  a 
link-coupled  voice  coil  of  an  electro¬ 
dynamic  loundspeaker  and  vibrated 
at  frequencies  from  15  to  15,000 
cycles  per  second.  Joint  Army-Navy 
Specifications  require,  in  some 


cases,  no  pronounced  resonance  in 
tube  structures  to  100  cycles. 

Two  Tubes  in  One 

Figure  3  is  an  x-ray  photograph 
of  the  rugged  and  nonrugged 
6L6GA  tube.  The  rugged  tube  was 
developed  for  the  Navy  Department 
with  the  cooperation  of  the  Naval 
Research  Laboratory,  by  Sylvania 
Electric  Products  Inc. 

The  original  6L6GA  structure 
used  a  flare  stem  and  ST  14  bulb. 
Even  in  normal  handling  the  cath¬ 
ode  would  bow  at  times,  causing 
cathode  to  grid  shorts.  The  rugged 
version  or  6L6WGA  was  required 
to  be  interchangeable  electrically 
with  the  6L6GA  and  fit  in  the  same 
space.  Two  14A5  tubes  were 
mounted  side  by  side  in  the  bulb 
and  connected  in  parallel  internally. 
This  structure  is  only  half  as  long 
as  the  6L6GA  and  preliminary  elec¬ 
trical  checks  using  two  14A5  lock- 
in  tubes  in  parallel  showed  the 
scheme  to  be  practical. 

The  bulb  was  changed  from  ST  14 
to  straight-sided  T12,  evidently  to 
make  a  seal  to  the  wafer  header. 
The  stem  was  changed  from  flare 
stem  to  a  modified  lock-in  stem,  a 
flat  wafer  with  8  pins  running 
through  the  glass  and  arranged  on 
a  circle  that  coincides  with  the  pin 
circle  of  the  standard  octal  base. 
A  special  large  diameter  octal  base 
is  used,  though  the  greatest  outside 
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in  the  top  and  bottom  micas  of  the 
electrode  cage  and  a  bottom  grid 
shield  was  then  welded  to  the  legs 
to  lock  the  mount  assembly  rigidly 
together. 

The  mount  support  was  welded  to 
lugs  turned  up  from  the  metal  plate. 
The  A-frame  support  removed  the 
strain  of  vertical  shock  from  the 
lead  wires  sealed  in  glass.  No  sup¬ 
porting  contact  was  required  be¬ 
tween  the  micas  and  the  inner  wall 
of  the  shell  and  mica  chafing  under 
vibration  was  reduced. 

The  folded  type  of  heater  was  re¬ 
placed  by  a  helical  coil  heater.  Be¬ 
cause  the  coil  heater,  was  free  of 
sharp  bends,  the  heater  breakage 
under  shock  was  reduced  appreci¬ 
ably  over  the  folded  design. 

A  metal  clip  stapled  to  the  top 
mica  and  welded  to  the  flat  edge  of 
the  cathode  .^leeve  was  added.  The 
mica  clip  was  made  of  nichrome  to 
minimize  heat  conduction  from  the 
cathode,  ihis  held  the  cathode  se¬ 
curely  from  lateral  motion  and  eli¬ 
minated  wearing  of  the  cathode 
hole  in  the  top  mica. 

Four  wire  stops  were  welded  to 
the  grid  support  wires  at  the  ex¬ 
tremities  of  the  grid  lateral  wire 
winding  to  prevent  vertical  travel 
of  the  support  rods  under  shock  or 
vibration.  This  served  effectively 
to  prevent  crushing  of  the  end  turns 
of  the  grids  against  the  micas. 

Other  Types 

Chatham  Electronics  Co.  have 
ruggedized  types  2050,  6H6GT  and 
6AL5  under  a  Navy  contract. 


diameter  of  the  finished  tube  is  no 
larger  than  the  largest  diameter  of 
the  6L6GA. 

A  new  mica  mount  accommodates 
the  side-by-side  structure  of  the 
14A6’s.  Each  individual  structure 
is  unaltered,  except  that  a  slightly 
larger  cathode  is  used  to  increase 
the  power  output  to  match  the 
6L6GA.  The  side  rods  of  the  plates 
are  anchored  to  the  mica  by  weld¬ 
ing  them  to  eyelets  in  the  mica. 
Two  of  four  plate  side  rods  extend 
through  the  mica  eyelets  and  weld 
directly  to  the  stem  leads.  The 
mount  is  anchored  to  the  stem  at  a 
third  point  by  a  support  rod  welded 
to  a  stem  pin  and  to  an  eyelet  in  the 
mica  opposite  the  other  supports,  so 
that  an  isoscele.'.  triangle  is  formed. 
The  top  mica  is  also  anchored  by 
eyelets  welded  to  the  plate  side  rods. 
Grid  stops  are  provided  to  anchor 
the  grids  in  both  sections  to  the 
top  mica. 

Mechanical  Improvements 

Figure  4  is  a  photograph  of  the 
conventional  6AC7  and  the  develop¬ 
mental  rugged  6AC7  produced  by 
Radio  Corporation  of  America. 

The  wire  mount  assembly  sup¬ 
ports  of  the  6AC7  were  replaced  by 
an  A-frame  support  stamped  from 
0.010-inch  thick  steel  strip.  The 
support  was  ribbed  during  stamp¬ 
ing  for  additional  strength  and 
combined  the  grid  top  shield  and 
mount  supports  into  an  integral 
part.  During  tube  assembly,  the 
supporting  legs  of  the  A  frame 
were  threaded  into  engaging  slots 


The  6AL5  was  ruggedized  by  an 
extension  of  the  methods  used  for 
the  rugged  proximity  fuze  tubes. 
The  acceleration  required  of  these 
tubes  is  much  less  than  that  re¬ 
quired  of  the  fuze  tube,  but  on  the 
other  hand,  these  tubes  are  much 
larger  than  the  fuze  tubes. 

Each  part  of  the  tube  is  carefully 
assembled  to  insure  that  it  will 
carry  the  intended  load.  Every 
weld  is  able  to  carry  its  own  load. 
Several  extra  welds  can  not  be  used 
to  support  a  single  part  to  allow  for 
a  feyr  weak  welds  (as  in  low-cost 
receiving  tubes)  because  the  stres¬ 
ses  are  so  great  that  each  one  has 
its  own  load. 

The  larger  tubes,  types  2050  and 
6H6GT,  were  ruggedized  by  build¬ 
ing  the  element  structure  in  this 
same  manner  as  the  smaller  tube. 
A  resilient  shock  mounting  is  em¬ 
ployed  between  the  glass  bulb  and 
the  base.  The  shock  mounting  is 
made  of  molded  rubber  and  is 
chosen  to  have  a  natural  period  and 
damping  that  greatly  diminishes 
the  shocks  transmitted  to  the  glass. 

The  rubber  mounting  withstands 
air  the  tests,  including  torque  and 
water  immersion,  that  are  required 
of  regular  tubes  for  military  use. 

The  rubber  mounting  also  simpli¬ 
fies  the  clamping  of  the  tubes  in  the 
socket.  To  clamp  a  regular  tube 
sufficiently  tight  to  keep  it  from 
slipping  out  of  the  socket  during 
shock,  enough  pressure  is  applied  to 
the  base  to  frequently  crush  the 
glass  bulb.  In  the  new  tube  the 
pressure  is  applied  to  a  section  of 
the  rubber  that  does  not  enclose 
any  glass. 
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Filter  Characteristics  for  the 


Analysis  of  the  cascaded  pair  of  four-terminal  networks  that  form  the  basis  for  high- 
and  low-frequency  response  control  in  the  Scott  device.  Effect  of  reactance  tubes  as 

variable  circuit  elements  is  indicated 


IN  A  RECENT  PAPER,  H.  H.  Scott" 
described  circuits  capable  of  con¬ 
trolling  dynamically  the  bandwidth 
of  an  audio  amplifier  in  accordance 
with  the  sound  level,  so  as  to  main¬ 
tain  an  optimum  signal-to-noise  ra¬ 
tio.  Equipment  using  these  circuits 
is  said  to  realize  a  life-like  response, 
one  devoid  of  distortion  most  com¬ 
mon  in  present-day  disc  systems. 

Distortion  may  be  of  several  dif¬ 
ferent  types,  such  as  amplitude, 
phase,  intermodulation  products, 
and  background  noise.  Of  these,  the 
most  objectionable  distortion  is  that 
of  background  noise,  one  that  is 
difficult  to  eliminate.  It  is  the  pur¬ 
pose  of  this  discussion  to  describe 
the  theoretical  aspects  of  the  filter¬ 
ing  circuits  and  how  the  dynamic 
characteristics  needed  for  noise 
suppression  can  be  obtained. 

The  dynamic  noise  suppressor 


gensrallMd  Mriet  and  nhunt  anna 
FIG.  IB — fltop-band  fUtar 


basically  consists  of  two  four-ter¬ 
minal  networks  connected  in  cas¬ 
cade,  each  network  dynamically  con¬ 
trolling  the  high-frequency  and  low- 
frequpncy  response  of  the  audio 
amplifier,  respectively.  Each  net¬ 
work,  in  turn,  consists  of  a  few 
lumped  parameters,  all  dissipation¬ 
less,  together  with  a  variable  re¬ 
actance,  the  value  of  which  depends 
on  the  relative  signal  level.  We 
shall  now  consider  each  of  the  four- 
terminal  networks,  investigating 
them  in  the  manner  of  conventional 
filter  theory. 

For  a  four-terminal  network  com¬ 
prised  of  two  impedances,  Zx  and  Zt, 
as  shown  in  Fig.  1,  the  attenuation 
function  can  be  expressed  as  the  in¬ 
verse  hyperbolic  cosine  of  the 
square-root  of  the  product  of  the 
diagonal  elements  of  the  matrix 
usually  referred  to  as  the  ABCD 


FIG.  2A — Attenuation  iunction  of  stop¬ 
band  filter  Ts  irequoncy 


FIG.  2B— High -pass  fUtor 


matrix.**  Functionally,  this  relation 
is  Y  =  8.686  cosh**  (AD)*  where 
Y  is  the  reactive  attenuation  func¬ 
tion  in  decibels,  and  where  A  and  D 
are  the  diagonal  elements  of  the 
ABCD  matrix  relating  the  output 
voltage  to  the  input  voltage  for  the 
four-terminal  network.  Now,  if  we 
consider  what  A  and  D  are  for  Fig. 
lA,  we  find  that  the  attenuation 
function  is 

7  -  8.686  co8h-‘(l  +  (Zi/Zt)p/»  decibeU  (1) 
Considering  the  four-terminal  net¬ 
work  shown  in  Fig.  IB,  we  may 
write  Zx  and  Z*  as 

_  \uLi 

‘  1  -  iALxCx 

Zt  *  jwfo  +  (l/j«C) 

If  these  values  are  substituted  in 
Eq.  1  the  attenuation  function 
becomes 

7  *  8.686  cosh"*  X 

(1  -  «»L,Ci)  (t  -  a,*L,o) 

Inspection  of  Eq.  2  reveals  that 
the  attenuation  function  versus  fre¬ 
quency  will  have,  in  general,  the 
shape  indicated  in  Fig.  2A.  There 
are  two  points  of  infinite  attenua¬ 
tion,  the  frequencies  for  which  we 
shall  designate  as  and  where 
the  subscripts  1  and  2  refer  to  the 
parameter  subscripts  responsible 
for  the  frequencies  of  infinite  atten¬ 
uation.  Furthermore,  there  is  a 
definite  pass  band,  since  this  net¬ 
work  under  consideration  is  a  stop- 
band  filter,  and  has  a  critical  fre¬ 
quency  /o  that  designates  the  edge 
of  the  pass  band.  Finally,  we  shall 
define  the  frequency  of  minimum 
attenuation  lying  between  /,»  and 
fmi  as  f„.  It  is  merely  a  matter  of 
algebra  and  some  differential  cal¬ 
culus  to  find  these  critical  frequen- 
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cies  in  terms  of  the  network  param¬ 
eters,  expressed  as  follows 

-  (1/2  t)  (1/L,  (3a) 

4*  -  (1/2  w)  (1/L,  C)^  (3b) 

/.Je(l/2x)  (1/L,C)‘^  (3c) 

/«- (l/2x)(l/L.L,C,0»^«  (3d) 
Immediately,  one  notes  that  of 
the  two  frequencies  yielding  infinite 
attenuation,  one  will  be  constant 
regardless  of  the  variations  of  the 
variable  reactance  for  the  capacitor 
C  (Fig.  IB),  while  the  other  fre¬ 
quency  of  infinite  attenuation  shifts 
for  variations  in  the  reactance  of 
capacitor  C.  It  is  this  variation 
that  is  of  paramount  importance  in 
the  dynamic  noise  suppressor,  for 
by  dynamically  altering  the  value  of 
capacitance  C,  one  may  achieve  a 
variable  stop-band  filter;  and,  by 
careful  selection  of  components,  one 
may  achieve  a  characteristic  ap¬ 
proximating  that  of  the  human  ear. 

For  the  four-terminal  network 
considered  it  is  possible  to  find  the 
minimum  attenuation  in  the  range 
of  frequencies  between  /„  and 


7  •  8.686  cosh”*  X 


{'■F5F?))' 


db 


where : 


Wm  ™  2t/» 
«  =»  2r/ 
*1  1 
»  2xf 


The  minimum  attenuation  will  be 
least  when  the  critical  frequencies 
/el  and  /rt  are  widely  spaced,  say  in 
a  ratio  greater  than  10.  When 
this  condition  obtains,  the  minimum 
attenuation  in  the  stop  band  reduces 
to  approximately 


7-1.  -  8.686  cosh-*  |1  +  {U/Ia)V^  db  (4) 


Increasing  the  ratio  L^L,  will 
raise  the  minimum  attenuation  in 
the  stop  band,  so  that  the  dynamic 
noise  suppressor  should  be  designed 
with  a  favorable  Li/L,  ratio. 

Connected  in  cascade  with  the 
four-terminal  network  above  is  a 
high-pass  filter  of  the  configuration 
shown  in  Fig.  2B.  This  network  is 
simpler  to  analyze,  and  the  resulting 
attenuation  function  is 

y'  =*  8.686  cosh  ”*  X 
2C.  (1  -  «*LC,)) 

where  L  will  now  be  the  variable 
parameter  dependent  on  signal 
level.  The  equation  above  indicates 
a  resonant  attenuation  peak  which 
will  shift  when  the  L  parameter  is 
varied ;  this  peak  of  infinite  attenu¬ 
ation  will  occur  at  a  frequency  /„ 
which  is 


=  (l/2x)(l/LC,)*/» 

The  characteristic  curve  for  this 
high-pass  filter  is  shown  in  Fig  3A. 
Here,  we  note  that  the  slope  of  the 
attenuation  function  vs  frequency 
changes  gradually,  whereas  the 
slope  of  the  characteristic  curve  for 
the  stop-band  filter  changed  very 
abruptly.  These  characteristics  re¬ 
semble  those  obtained  for  a  con¬ 
stant  -k  filter  and  a  repeated  deriva¬ 
tion  m-  derived  filter,  respectively. 

Combined  Networks 

The  overall  response  of  the  com¬ 
bined  four-terminal  networks  is 
shown  in  Fig.  3B.  If  we  now  per¬ 
mit  .the  L  and  C  parameters  to  vary 
linearly  as  functions  of  signal  level, 
we  note  that  the  bandwidth  of  the 
overall  circuit  changes  rapidly  in 
the  high-frequency  region  and 
slowly  in  the  low-frequency  region. 


FIG.  3A — Attenuation  function  of  hiqb- 


pan  filter  ts  frequency 

FIG.  3B — Attenuation  of  OToroll  network 
as  function  of  frecpiency 

Utilizing  the  signal  level  to  change 
the  grid  bias  on  refu:tance  tubes  in 
the  dynamic  noise  suppressor, 
where  the  reactance  tubes  replace 
the  variable  elements  in  the  net¬ 
works,  and  adjusting  the  circuit  to 
conform  to  the  characteristics  of 
the  human  ear,  we  are  able  to  ob¬ 
tain  the  optimum  signal-to-noise 
ratio  that  is  possible  from  the  given 
sound  source.  Sound  is  used  loosely 
here  to  correspond  to  the  impres¬ 
sions  on  disc  recordings  or  the 
signal  at  the  output  of  the  detector 
in  an  amplitude-modulation  re¬ 
ceiver  tuned  to  an  amplitude-modu¬ 
lation  station. 

We  may  conclude  from  the  dis¬ 
cussion  above  that  there  is  good 
theoretical  evidence  to  support  H. 
H.  Scott’s  statements  that  the  dy¬ 
namic  noise  suppressor  will  im¬ 
prove  a  sound  system  if  it  be  prop¬ 
erly  designed. 
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Cai  tinut 


FIG.  1 — Capacitor-charging  grid  control  circuit  lor  thyratrons. 
•  in  tiniplMt  iorm 


FIG.  2 — ^Bosic  diodo-triodo  circuit  for  charging  a  capacitor, 
ond  oquiTolont  two-dlodo  Torsion 


NEW  THYRATRON  CIRCUIT 
FOR  MOTOR  CONTROL 


Simple  capacitor-charging  grid  control  circuit  varies  firing  points  of  two  thyratrons  feed¬ 
ing  armature  of  d-c  motor,  giving  smooth  potentiometer  control  of  speed  over  operating 
range.  Auxiliary  circuits  counteract  speed  droop  with  load  and  limit  armature  current 


(Control  triode  VTa  attempts  to 
charge  the  capacitors  with  the  op¬ 
posite  polarity.  The  net  charge  de¬ 
pends  upon  the  relative  conductance 
of  the  two  control-tube  circuits, 
which  can  be  readily  varied  by 
varying  the  grid-to-cathode  voltage 
of  VTa.  As  the  d-c  component  of 
voltage  across  the  capacitors  is 
varied  from  a  negative  value  equal 
to  the  peak  a-c  to  a  positive  value 
equal  to  the  peak  a-c  by  increasing 
the  negative  grid  voltage  of  VTa, 
the  thyratrons  change  from  full  off 
to  full  on. 


ONE  METHOD  commonly  em¬ 
ployed  for  grid  control  of  thy¬ 
ratrons  involves  applying  to  the 
grid  a  variable  d-c  potential  acting 
in  series  with  a  fixed  a-c  potential. 
If  the  a-c  component  lags  the  anode 
voltage  by  90  degrees  and  the  d-c 
voltage  can  be  varied  plus  or  minus 
up  to  the  peak  value  of  the  a-c  com¬ 
ponent,  it  is  possible  to  obtain 
smooth  control  over  the  full  180  de¬ 
grees  of  positive  anode  voltage. 

The  grid  control  circuit  described 
here  falls  in  this  general  classifica¬ 
tion.  Its  uniqueness  lies  in  the 
simple  means  by  which  the  lagging 
a-c  voltage  and  the  variable  magni¬ 
tude  and  polarity  d-c  voltage  are 
obtained. 

The  new  grid  control  circuit  is 
shown  in  elementary  form  in  Fig.  1. 
The  secondary  winding  of  trans¬ 
former  Tt  applies  a  small  alternat¬ 
ing  voltage  across  capacitors  Ci  and 
Ct  which  is  lagging  the  anode  volt¬ 
ages  of  thyratrons  VTx  and  FT,  by 
nearly  90  degrees.  The  effect  of 
diode  VT,  passing  current  is  to  put 
a  charge  on  each  of  these  capacitors 
with  polarity  such  that  each  thyra- 
tron  grid  is  positive  with  respect  to 
its  cathode. 
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FIG.  3 — Conduction  diagrams  for  two^odo  circuit  of  Fig.  2B.  illustrating  sifsct  of  Torylng 
▼oltago  £  acting  in  soriss  with  upper  diode 


FIG.  4 — Circuit  Toriotlons  glTing 
same  performance  os  Fig.  2B 
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such  a  polarity  and  magnitude  that 
it  adds  to  the  lower  half  of  the 
transformer  voltage  and  subtracts 
from  the  upper  half,  to  equalize 
average  currents  through  r,  and  r^. 

As  shown  in  Fig.  3A,  the  voltage 
Em  sin  tat  —  V,  acting  during  con¬ 
duction  period  A  to  F  must  force 
the  same  charge  through  as  the 
voltage  (Em  sin  <at  —  E)  +  F, 
gives  through  r,  during  conduction 
period  B  to  E,  for  capacitor  C  will 
charge  to  such  a  voltage  V,  that 
the  areas  X  and  Y  have  the  same 
ratio  as  the  resistances  r,  and  n. 

During  the  portion  of  the  cycle 
from  F  to  A  there  is  no  current 
anywhere  in  the  circuit,  so  the 
capacitor  holds  its  charge  during 
this  time.  Since  C  was  chosen  such 
that  its  60-cycle  reactance  was  low 
compared  with  the  resistance  R  in 
combination  with  r,  and  r^,  the 
variation  of  the  voltage  V,  across  it 
during  the  conducting  portion  of 
the  cycle  will  be  very  small. 

If  the  voltage  E  is  increased  as  in 
Fig.  3B,  the  capacitor  is  charged  to 
a  new  voltage  V,  such  that  again 
the  average  currents  through  r,  and 
Ft  are  made  equal,  and  the  ratio  of 
the  areas  X  and  Y  is  made  equal  to 
the  ratio  of  r,  and  r^.  The  charge 
on  the  capacitor  thus  depends  upon 
two  things,  assuming  the  trans¬ 


former  voltage  to  be  constant:  (1) 
the  ratio  of  resistance  r,  to  n ;  (2) 
the  value  of  E.  The  ratio  of  the 
two  resistances  is  fixed  by  the 
choice  of  tube  VTa  and  resistor  n. 
The  capacitor  voltage  V,  then  may 
be  varied  by  varying  the  negative 
grid  voltage  of  VTa.  With  r* 
greater  than  r„  V,  is  negative  for 
small  values  of  E  (e,  near  zero)  and 
goes  through  zero  to  positive  as  E 
is  increased  (e,  made  more  nega¬ 
tive)  . 


Equivalent  R-C  Arrangement 

Resistance  R  and  capacitance  C 
can  be  replaced  by  a  series  resist¬ 
ance  Ri  and  capacitance  Ci  in  paral¬ 
lel  with  a  like  resistance  R,  and 
capacitance  C„  where  R^  =  R,  = 
2R  and  =  C,  =  0.5C.  Now  if 
another  center-tapped  transformer 
secondary  winding  is  connected  in 
series  with  R^,  C„  Ct,  and  R,  as  in 
Fig.  4A,  an  alternating  voltage  is 
applied  across  the  capacitors.  The 
reactance  of  the  capacitors  at  line 
frequency  is  low  compared  with  the 
resistance  of  the  resistors,  hence 
the  alternating  voltage  across  the 
capacitors  will  be  low  compared 
with  the  applied  voltage,  and  lag¬ 
ging  it  by  nearly  90  degrees  as 
shown  in  Fig.  4B. 

Since  Ri  =  R,  and  Ci  =  C,  no 


alternating  voltage  will  appear  be¬ 
tween  points  1  and  4.  Therefore, 
the  circuit  of  Fig.  4A  can  replace 
R  and  C  in  Fig.  2 A  without  affect¬ 
ing  the  development  of  the  d-c 
charge  on  the  capacitors,  as  shown 
in  Fig.  4C.  There  is  now  across 
each  capacitor  a  direct  voltage 
established  by  the  diode  and  triode, 
plus  an  alternating  voltage  fixed  in 
magnitude  and  lagging  the  applied 
voltage  by  nearly  90  degrees.  With 
respect  to  point  1,  the  alternating 
voltages  on  the  two  capacitors  are 
180  degrees  out  of  phase.  If  the 
voltages  of  the  two  transformer 
secondaries  are  made  equal  both  in 
magnitude  and  phase,  the  two  wind¬ 
ings  can  be  made  one. 


Control  of  Thyrotron  Firing 


The  combined  alternating  and  va¬ 
riable  direct  voltage  across  the  two 
capacitors  can  be  used  to  control 
the  firing  of  a  pair  of  thyratrons  in 
a  half-wave  biphase  circuit,  as 
shown  in  Fig.  5.  The  voltage  of  the 
secondary  of  T,  is  in  phase  with  the 
voltage  of  the  thyratron  anode 
transformer  secondary  Ti,  making 
the  voltage  across  Ci  and  C*  lag 
nearly  90  degrees  behind  the  anode 
voltages  of  the  thyratrons  to  which 
they  are  connected.  By  varying  the 
grid  voltage  of  VTa,  the  alternating 


J'T'Vif'  !  t 

•«  ;  Wi! 

lll'i 


<  1  '4b 

,  Um 


I 

■ :  <  ;!  I 

:  M  *  !  « 


M’ 


, ! 


ilif 

’  ^  II 


ELECTRONICS  — Apr//,  1948 


117 


voltage  can  be  displaced  positive  or  charged  positive  through  FT*  at  a  negative  and  advance  the  firing 
negative 'to  control  the  firing  of  the  rate  determined  by  R  +  Vl.  The  point  of  the  thyratrons,  so  that  con- 
thyratrons  over  nearly  the  full  posi-  capacitor  may  take  several  cycles  stant  output  voltage  is  maintained, 
tive  half-cycle,  as  shown  graphically  to  reach  the  desired  charge  or  turn*  It  should  be  noted  here  that  the 
in  Fig.  5B  and  6C.  on  voltage  even  with  all  the  forcing  cathode  of  VT^  is  displaced  from 

Grid  resistors  R,  and  i2«  in  Fig.  that  can  be  applied.  On  the  other  the  cathodes  of  the  thyratrons,  to 
6A  are  quite  necessary  during  the  hand,  if  E  is  made  zero,  the  resist-  which  the  common  point  of.  Ci  and 
period  when  the  grid  voltage  is  pos-  ance  in  the  capacitor-charging  cir-  C,  is  connected,  by  an  amount  equal 
itive  with  respect  to  the  cathode,  cuit  is  appreciably  lower  (since  r,  to  the  difference  between  the  output 
If  the  grid  current  is  Ihrge,  the  is  less  than  r^)  so  the  negative  voltage  and  the  reference  voltage, 
positive  charge  leaks  off  of  the  ca-  charge  on  the  capacitor  or  the  turn-  Since  this  displacement  voltage, 
pacitors.  However,  if  sufficient  grid  off  voltage  is  built  up  more  quickly,  is  in  series  with  E  and  of  op- 
resistance  is  used  the  leakage  be-  Furthermore,  if  E  is  made  in  posite  polarity,  its  effect  can  be 
comes  negligible.  Capacitors  C,  and  effect  negative  (e,  made  slightly  nullified  by  increasing  E  an  equiva- 
C«  are  conventional  grid  capacitors  positive)  the  charging  current  is  lent  amount.  The  result  is  that  as 
serving  to  bypass  any  steep-wave-  increased  by  grid  rectification  and  the  output  voltage  is  increased, 
front  transient  voltage  introduced  so  forces  the  buildup  of  the  negative  c,  of  VTa  will  become  more  nega- 
through  the  interelectrode  capaci-  capacitor  charge,  reaching  the  re-  tive.  However,  the  change  in  e, 
tance  of  the  th3rratrons.  Their  ca-  quired  turn-off  voltage  in  one  cycle,  necessary  to  produce  a  given 
pacitance  values  are  small,  so  that  change  in  the  firing  point  of  the 

with  the  grid  resistors  they  intro-  .  Volta#*  Control  thyratrons  is  very  nearly  the  same 

duce  only  slightly  more  lag  in  the  To  hold  the  thyratron  rectifier  for  all  values  of  output  voltage, 
a-c  component  of  grid  voltage.  output  voltage  constant,  triode  VTa 

can  be  connected  to  compare  a  por-  Complete  Proetieol  Circuit 

Speed  of  Correction  output  voltage  with  a  In  Fig.  7  is  a  simple  form  of  thy- 

A  change  in  the  charge  on  the  ca-  fixed  or  reference  d-c  voltage,  as  in  ratron  motor  control  using  the  new 
pacitors  (a  change  in  the  d-c  volt-  Fig.  6.  The  cathode  of  VTa  is  con-  grid  control  circuit.  The  voltage 
age  on  the  thyratron  grids)  can  nected  to  the  variable  arm  of  to  across  the  d-c  motor  armature,  and 
occur  only  during  half  of  every  permit  adjustment  of  the  reference  hence  the  speed  of  the  motor,  is  con- 
cycle  of  the  line  voltage.  The  con-  voltage  value  when  a  change  in  trolled  by  the  potentiometer  in  the 
diticms  during  the  second  half  of  speed  is  desired,  and  the  grid  is  con-  grid  circuit  of  VTa.  The  reference 
the  cycle  remain  the  same  as  at  nected  to  a  fixed  portion  of  the  thy-  d-c  voltage  for  thyratron  output 
the  end  of  tfce  first  half  of  the  cycle,  ratron  rectifier  output  voltage.  If  voltage  control  is  obtained  from  the 
In  other  words,  a  correction  of  the  the  fixed  portion  of  the  output  volt-  full-wave  power  supply  for  the 
firing  point  of  the  thyratrons  can  be  age  becomes  greater  than  the  preset  shunt  field  of  the  motor  (VT,) . 
made  only  during  one  half  of  every  reference  voltage,  the  grid  voltage  If  the  lower  end  of  Rit  were  con- 
cycle.  of  the  triode  swings  positive  with  nected  to  the  negative  side  of  the 

Referring  again  to  Fig.  2B,  if  E  respect  to  the  cathode,  retarding  armature,  the  voltage  across  the 
is  made  higher  than  the  peak  of  the  the  firing  point  of  the  thyratrons  motor  armature  would  be  held 
alternating  voltage  2E^  (e,  made  and  reducing  the  output  voltage,  nearly  constant  as  the  motor  load  is 
very  negative) ,  VTa  is  biased  off  Conversely,  a  drop  in  output  voltage  increased.  Speed  would  then  droop 
completely  and  the  capacitor  is  causes  the  triode  grid  to  swing  because  of  increased  armature  IR 


FIG.  6 — ^Use  of  odiustoble  d-c  reierenoe  Toltoge  for  speed  control 


FIG.  5 — HoU-wot*  b^hos*  circuit 
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drop  as  armature  current  increases 
to  provide  the  extra  torque. 

Speed  droop  with  load  is  gener¬ 
ally  undesirable,  particularly  when 
operating  at  low  speeds.  A  com¬ 
pensating  signal  obtained  from 
armature  current  is  therefore  in¬ 
serted  in  the  control  circuit.  This 
signal  is  adjusted  with  to  make 
armature  voltage  rise  by  exactly  the 
amount  of  the  increased  armature 
IR  drop. 

The  compensating  signal,  a  volt¬ 
age  proportional  to  armature  cur¬ 
rent,  is  obtained  from  full-wave 
rectifier  VT,.  The  center-tapped 
secondary  of  T,  is  energized  by  two 
primaries,  one  in  each  thyratron 
anode  circuit,  with  polarity  such 
that  the  unidirectional  pulses  of 
current  in  the  two  primaries  induce 
an  alternating  current  in  the  sec¬ 
ondary.  This  secondary  circuit  is 
loaded  by  a  resistor  to  build  up  the 
voltage,  which  is  then  rectified  by 
VTo. 

With  the  junction  of  and 
connected  to  the  negative  side  of  the 
armature,  an  adjustable  negative 
voltage  proportional  to  armature 
current  can  be  obtained  from  Ru 
for  Rit,  Now  as  armature  current 
increases  with  load,  the  lower  end 
of  Ru  becomes  more  negative.  This 
action  tends  to  make  the  grid  volt¬ 
age  of  VTa  more  negative,  which 
advances  the  firing  point  of  the 
thyratrons  and  raises  the  armature 
voltage.  By  adjusting  R„  to  give 
correct  compensation  for  a  change 
in  armature  IR  drop,  almost  con¬ 
stant  speed  with  changing  load  can 
be  obtained. 

Current  Limit  Control 

To  the  simple  motor  speed  control 
just  described  can  be  added  controls 
responsive  to  other  functions.  Since 
VTt  is  biased  off  to  turn  on  the  thy¬ 
ratrons,  and  is  turned  on  to  turn  off 
the  thyratrons,  it  can  be  paralleled 
with  another  similar  tube  which  is 
normally  biased  off.  This  leaves 
VTa  normally  in  control,  although 
the  second  tube  can  be  turned  on  by 
some  other  signal  to  retard  the  fir¬ 
ing  point  of  the  thyratrons  regard¬ 
less  of  the  speed  signal. 

In  Fig.  7  such  a  parallel  tube, 
VTc,  is  shown  connected  to  limit  the 
load  current.  The  cathode  of  VTc 
is  connected  to  a  fixed  reference 
voltage  and  the  grid  is  connected  to 


FIG.  7 — Complete  thyratron  motor  control  circuit  using  new  grid  control  orrongement, 
with  auxiliary  control  features 


a  positive  voltage  proportional  to 
armature  current  As  long  as  this 
voltage  is  appreciably  less  than  the 
reference  voltage,  VTo  is  biased  off 
and  has  no  effect  on  the  control  of 
the  thyratrons.  As  before,  VTa 
serves  to  maintain  constant  motor 
speed. 

If  the  motor  is  called  upon  to  ac¬ 
celerate  to  a  higher  speed,  or  the 
load  on  the  motor  is  increased  to  the 
point  where  the  increasing  arma¬ 
ture  current  makes  the  grid  voltage 
of  VTo  approach  the  reference  volt¬ 
age  in  magnitude,  VTo  conducts  and 
retards  the  firing  point  of  the  thy¬ 
ratrons  sufficiently  to  keep  the  arm¬ 
ature  current  very  nearly  constant. 
The  current  limit  may  be  set  at  any 
desired  value  by  potentiometer  Rn. 

The  current-limit  feature  is  use¬ 
ful  for  three  reasons:  (1)  it  holds 
the  starting  current  of  the  motor 
below  the  commutating  limit;  (2) 
it  limits  armature  current  to  pro¬ 
tect  the  thyratrons  and  assure 
operation  within  their  rating;  (3) 
it  limits  the  maximum  torque  the 
motor  can  transmit  to  its  driven 
load. 

In  the  circuit  of  Fig.  7,  grid-cath¬ 
ode  capacitors  and  grid  resistors 
suppress  the  high  ripple  component 


at  the  grids  of  VTa  and  Vr<,.  How¬ 
ever,  this  resistance  and  capaci¬ 
tance  in  the  grid  circuit  of  VTo 
slows  the  response  of  the  tube  to  a 
sudden  rise  in  armature  current. 
Vacuum  diode  VTa  counteracts  this 
by  preventing  the  grid  of  VTo  from 
going  more  negative  than  slightly 
below  the  cutoff  value.  Now  if 
armature  current  rises  suddenly, 
the  grid-to-cathode  voltage  need 
change  only  a  small  amount  in  order 
for  the  current  limiting  control  to 
take  over. 

Additional  Controls 

Other  control  tubes  can  be  added 
to  the  thyratron  grid  control  circuit 
in  the  same  manner  as  the  current- 
limit  tube.  They  may  be  used  to 
control  the  thyratron  output  in  re¬ 
sponse  to  any  function  that  can  be 
converted  to  a  direct  voltage  of 
sufficient  magnitude.  Since  the  con¬ 
trol  tube  requires  about  2  volts 
change  to  shift  the  firing  point  of 
the  thyratrons  over  the  full  range, 
the  signal  voltage  must  be  appre¬ 
ciably  greater  than  this.  The  larger 
this  signal  and  its  corresponding 
reference  voltage  can  be  made,  the 
smaller  will  be  the  load  droop  of  the 
control. 


ELECTRONICS  — Apri/,  1948 


119 


Wide  Deviation 


DOUBLER 

(lOB'lEBMC) 


WEEPtNUS 
FRE-  l-4 

OOENCY  >aj 
OUTPUT 


amplifier 

(54-64MC) 


OSCILLATOR 
(27-32  MC) 


REACTANCE 

MODULATOR 


CATHODE  FOLLOWER  SAWTOOTH 

BUFFER  OSCILLATOR 

- P— +t50V 

t“TT:  SWEEP  VOLTAGE  OUTPUT". 

^^1,000  - - y 

..000^  n  pi  J 


Lq.^ 

h 

m 

T 

r 

c 

'6  = 

0.2S 

O.Zi 

j 

L  ^1,000  J- 1,000 

ALL  CAPACITANCES  IN  itpF  AND  ALL  INDUCTANCES  IN  >jH 
UNLESS  otherwise  LABELLED 

L-l:M.S  TURNS  NO.  28  ENAM.  7/16  IN.DIA  CUDSE  WOUND.TAPS  AT  3  AND  II.7S  TURNS. 
L-2  AND  L-3: 10  TURNS  NO.  26  ENAM.  1/4  IN  Dl A.  CLOSE  WOUND 
L-4;  4  TURNS  NO.  24  ENAM.  1/4  IN.  OIA. SPACED  TO  3/8  IN.  LONG 
ALL  COILS  POLYIRON  SLUG  TUNED 


FIG.  1 — H*ot7  linm  show  a-e  portions  of  rsoetonco  modulertor.  Conplsts  diaqrom  shows  bcnic  drcnit  incoiporotsd  In  tost  sqnipmsnt 


Frequency-modulated  oscilla¬ 
tors  having  large  deviation 
are  frequently  needed  for  testing. 
To  meet  such  a  requirement,  the 
reactance  tube  modulator  has  been 
modified  to  provide  a  larger  linear 
sweep  than  has  heretofore  been 
obtainable  from  it.  Although  the 
reactance  tube  as  a  frequency  mod¬ 
ulator  is  well  known, only  one 
report  has  discussed  the  problem 
of  obtaining  maximum  deviation 
at  high  frequencies.*  The  equip¬ 
ment  for  which  this  modulator 
was  designed  required  a  linear  20- 
mc  sweep  at  118  me.  Such  systems 
as  beating  oscillators  and  motor- 
driven  variable  capacitors  were  un¬ 
suitable  due  to  weight,  space,  out¬ 
put  voltage,  and  variable  sweep- 
width  requirements.  With  conven¬ 
tional  reactance  tubes,  as  well  as  in 
this  modification,  the  percent  devia¬ 
tion  decreases  with  increasing  cen¬ 
ter  freqency.  However,  in  the  cir¬ 
cuit  to  be  described,  the  required 
percent  deviation  could  be  ob¬ 
tained  at  a  frequency  that  could 
conveniently  be  multiplied  to  118 
me,  whereas  it  could  not  with  tiie 
others. 

Development  of  Circuit 

Essentially,  a  reactance  modu¬ 
lator  consists  of  a  resonant  circuit 
of  constant  elements  to  which  a 
controllable  reactance  is  added  in 
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parallel.  Thus,  if  the  resonant  fre¬ 
quency  of  the  constant  elements  is 
fo,  the  change  of  frequency  A/ 
when  the  inserted  reactance  is  in¬ 
ductive  is 

A/  =  fo  [(1  -(-  Ltask/LaddedY^  —  1] 

and  when  the  inserted  reactance 
is  capacitive,  it  is 

A/  =  /o  [1  —  1/(1  "f"  Cadded/CtankY^] 
Either  case  requires  that  the  fixed 
reactances  be  as  large  as  possible 
(large  L  and  small  C)  and  that  the 
added  reactance  be  as  small  as  pos¬ 
sible  for  maximum  A///o. 

With  these  requirements  in 
mind,  the  modulator,  shown  by 
heavy  lines  in  Fig.  1,  was  devel¬ 
oped.  An  electron  coupled  oscilla¬ 
tor  was  employed  to  permit  taking 
output  from  the  circuit  without 
capacitively  loading  it.  In  addi¬ 
tion,  a  cathode  follower  buffer  was 
inserted  between  oscillator  and  re¬ 
actance  tube ;  the  input  capaci¬ 
tance  of  the  triode  cathode  fol¬ 
lower  could  be  made  appreciably 
less  than  that  of  any  high-transcon¬ 
ductance  reactance  tube.  Thirdly, 
an  autotransformer  connection 
from  the  oscillator  circuit  was  em¬ 
ployed  to  reduce  the  reflected  im¬ 


pedance  from  the  reactance  tube. 
Furthermore,  all  stray  capaci¬ 
tances  were  eliminated  from  the 
oscillating  circuit,  tuning  being 
done  by  a  variable  polyiron  slug. 

Curve  B  of  Fig.  2  shows  the  de¬ 
viation  obtained  by  this  circuit 
However,  only  60  percent  of  the 
total  deviation  was  in  the  linear 
portion  of  the  frequency  vs  control 
voltage  characteristic,  as  shown  in 
Fig.  3.  By  operating  the  oscilla¬ 
tor  at  a  fundamental  of  29.5  or 
39.3  me  and  multiplying,  it  was 
possible  to  obtain  the  20-mc  devi¬ 
ation  at  118  me.  Of  course,  the 
necessity  of  loading  or  using  band 
pass  circuits  made  multiplication 
difficult.  The  electron-coupled  oscil¬ 
lator  was  advantageous  because  it 
permitted  multiplying  in  the  output. 

Analysis  of  Circuit 

Two  phasing  networks,  one  be¬ 
fore  and  one  after  the  cathode 
follower,  are  used,  tube  input  ca¬ 
pacitance  forming  the  reactive 
legs.  If  the  transmission  of  the 
cathode  follower  is  assumed  to  be 
0.6/0°,  the  vector  diagram  of  the 
voltages  is  as  shown  in  Fig.  4,  so 
that  the  reactive  modulator  plate 
current  Ipm  is 

I  PE  =  gnEr  (0.6/0°)  cos  <f>i  cos  (h  cos 

and  the  sum  of  the  angles  <fh,  ^ 
and  <f>s  is  «/2.  By  partial  differ- 
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Operating  principle  and  design  procedure  for  obtaining  maximum  deviation  from  react- 
tube  frequency  modulator.  Use  of  cathode  follower  minimizes  shunting  of  the 
oscillator.  A  typical  test  oscillator  is  described  and  a  universal  design  chart  is  developed 


ance 


entiation,  it  can  be  shown  that  max¬ 
imum  I  pm  occurs  when  each  of  these 
three  angles  is  k/6,  at  which  condi¬ 
tion  IpM  is  approximately  QAg^Er. 
However,  because  there  is  a  compo¬ 
nent  of  Ip  in  phase  with  £7r,  resis¬ 
tive  loading  will  occur,  which  will 
vary  with  frequency.  By  properly 
proportioning  the  R-C  phasing  net¬ 
works  this  loading  can  theoreti¬ 
cally  be  eliminated  (when  <i>i  +  <fh 
—  iC/  2i  <f>%  —  0  and  Ip  —  Ipm)» 

Due  to  secondary  effects  not  con¬ 
sidered,  it  is  doubtful  if  this  ideal 
condition  can  be  attained.  In  prac¬ 
tice,  cut-and-try  was  used  to  ob¬ 
tain  the  maximum  frequency  devi¬ 
ation  compatible  with  the  permis¬ 
sible  resistive  loading.  To  be  able 
to  evaluate  the  closeness  with 
which  the  optimum  condition  is 
approached,  the  theoretical  devia¬ 
tion  can  be  determined  prior  to  ad¬ 
justing  the  circuit.  Because  maxi¬ 
mum  IpK  is  approximately  (iAg^Er, 
the  minimum  added  reactance  is 

Er/Ipm  MAX  2.5/gm 
and  the  minimum  added  induc¬ 
tance  is 

U  MIS  «  2  .5l2xfognt 

If  we  define  a  constant 

X  =  LrAsm/Lt  mis  gm/^rfoCtAs k 

and  suppose  to  have  a  range  of 
20  to  1  with  variation  in  reactance 
tube  control  voltage,  we  get  by 
subtracting 

A/  ^Jmax-  fM,s  =h[(K+  1)*/*  - 

(1  +  /C/20)>/*] 

From  this  result  the  dimensionless 
ratio  A///o  has  been  plotted  in 
Fig.  5  to  provide  a  ready  method 
of  computing  theoretical  maxi¬ 
mum  deviation  for  a  given  center 
frequency  for  any  type  tube. 


circuit  was  studied.  Using  g^  = 

5,000  /imhos  and  Ctask  =  13.5  pf 
(checked  in  actual  circuit)  for  a 
6AK5  oscillator,  6C4  buffer,  and 
6AK5  reactance  modulator,  curve 
A  for  Fig.  2  was  obtained;  curve 
B  is  the  actual  performance  curve. 

The  maximum  obtainable  A/  from 
a  conventional  triode  oscillator 
and  reactance  tube  combination* 
is  shown  as  curve  C.  These  curves 

represent  the  maximum  A/,  not  FIG.  2-^portoon  oi  modulator  d«Tiation. 
the  range  of  linear  frequency  vs 
control  voltage  response. 

Numerous  tests  made  with  this 
circuit  indicate  that  tube  replace¬ 
ment  is  not  critical,  although  a 
6AK5  reactance  tube  of  definitely 
low  g^  does  reduce  the  sweep.  Con¬ 
trol  of  the  sweep  range  is  easily 
accomplished  by  a  potentiometer 
between  saw  tooth  oscillator  and 
reactance  tube  control  grid. 

The  circuit  can  be  adapted  to 
other  uses  with  or  without  the  mul¬ 
tipliers.  It  has  application  in  a 
panoramic  receiver  as  the  sweep 
oscillator,  as  a  sweeping  oscillator 
for  i-f  amplifier  alignment,  and  as 
a  wide  band  noise  generator. 

The  author  is  appreciative  of 
valuable  criticism  and  assistance 
given  by  numerous  engineers  of 
the  Airborne  Instrument  Labora¬ 
tory.  In  particular,  M.  T.  Leben- 
baum  helped  during  design  and 
construction  of  the  oscillator  and 
by  his  constructive  review  of  this 
paper.  Opinions  and  assertions 
contained  herein  are  the  author’s 
and  are  not  to  be  construed  as  offi¬ 
cial  or  reflecting  the  views  of  the 
Navy  Dept,  or  the  naval  service. 
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FIG.  4 — Voltage  vectors;  see  text  and  Fig.  1 
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Application  of  Circuit 

To  verify  this  theory,  operation 
of  a  practical  adaptation  of  the 


FIG.  5 — Knowing  drcidt  constants,  one  con 
find  maximum  deviation  from  this  chart 
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Design  criteria  of  simple  circuits  for  adding,  multiplying,  integrating  and  differentiating 
are  presented,  with  their  limits  of  accuracy.  Operating  principles  and  types  of  applica¬ 
tions  of  direct -current  electrical  analog  computers  are  summarized 


Analysis  of  many  engineering 
,  problems  in  both  electronic 
and  other  fields  frequently  leads 
to  systems  of  ordinary  linear  dif¬ 
ferential  equations  with  constant* 
coefficients.  These  and  other  equa¬ 
tions  can  be  solved  quickly  by  elec¬ 
tronic  computers.  Such  devices 
are  finding  growing  application  in 
three  major  forms:  (1)  as  direct 
computing  tools  for  scientific  and 
engineering  offices,  (2)  as  simula¬ 
tors  in  testing  devices  whose  equa¬ 
tions  of  operation  are  known  but 
which  have  not  yet  been  built,  and 
(3)  as  industrial  regulators  to 
solve  continuously  the  equations  ex¬ 
pressing  the  desired  behavior  of 
the  processes  or  plants  under  con¬ 
trol. 

Actually,  electronic  devices  have 
long  been  used  in  these  ways.  How- 

ThiB  article  is  based  on  Report  5256- 
2061,  Electronic  Solution  of  Differential 
Elquations,  prepared  by  the  author  while 
with  Sperry  Gyroscope  Co.,  Great  Neck, 
N.  Y.  The  author  is  grateful  to  Sperry 
and  in  particular  to  W.  L.  Barrow,  Chief 
EJnglneer,  for  making  publication  possible. 
Due  to  classiflcatlon  of  much  associated 
material,  it  is  regretfully  impossible  to 
credit  individuals  and  organisations  with 
earlier  work  on  d-o  analog  computers. 
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ever,  looking  on  them  as  computers 
is  a  fundamental  and  hence  power¬ 
ful  viewpoint  for  designers.  Ana¬ 
lyzed  in  this  manner,  electronic 
computers  can  be  classed  into  two 
basic  types:  (1)  digital  computers 
using  pulsed  counter  circuits,  and 
(2)  analog  computers. 

This  discussion  concerns  a  vari¬ 
ety  of  the  latter  type  in  which 
direct  current  (or  voltage)  repre¬ 
sents  mathematical  variables.  Such 
d-c  analog  computers  can  be  built 
using  conventional  electronic  tech¬ 
niques  and  components. 

Digital  and  Analog  Computers 

Before  discussing  the  elements 
of  analog  computers,  the  distin¬ 
guishing  features  of  the  two  t3T)es 
should  be  summarized.  Digital 
computers  are  familiar  in  the  form 
of  desk  calculators  and  such  elec¬ 
tronic  digital  calculators  as  the 


ENIAC  and  EDVAC.  Essentially 
they  are  counters  operating  in  dis¬ 
crete  steps.  Their  (^ccuracy^  .  de¬ 
termined  by  the  number  of  places 
for  which  they  are  built,  can  be 
made  very  great  by  providing  many 
places ;  10  or  20  places  are  common 
in  large  machines. 

Most  digital  computers  perform 
mathematical  operations  by  addi¬ 
tion,  all  other  processes  being  re¬ 
duced  to  combinations  of  additions. 
For  example,  multiplication  is  per¬ 
formed  by  repetitive  additions,  and 
integration  is  by  summation;  con¬ 
verging  series  can  be  used  in  place 
of  trigonometric  functions.  The 
fullest  utilization  of  digital  com¬ 
puters  is  obtained  in  working 
problems  that  require  complex 
repetitive  operations  of  high  accu¬ 
racy.  Programming  facilities  are  a 
necessary  part  of  these  computers 
to  minimize  the  number  of  operat¬ 
ing  units  and  to  control  the  se¬ 
quences  of  computation. 

In  contrast,  analog  computers, 
such  as  a-c  calculating  boards,  dif¬ 
ferential  analyzers  and  slide  rules 
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FIG.  2 — Computor  is  connsctsd  (A)  to  psriomi  opsrations  indicatod  by  squotlon.  Balors  computotion  stojto.  iiiltlcd  conditions  oro 
introducod  (B).  Clipper  diodes  (C)  con  be  used  if  any  Tariobles  ore  limited  in  range 

Analog  Compuiers 


operate  continuously.  In  this  re¬ 
spect  electronic  analog  computers 
use  techniques  similar  to  those  con¬ 
ventionally  used  in  communica¬ 
tions,  whereas  digital  computers 
use  techniques  similar  to  those  in 
pulse  modulation  systems.  The  ac¬ 
curacy  of  analog  computers  is  de¬ 
termined  by  the  total  available  dy¬ 
namic  range  and  the  noise  and 
instability  of  the  circuits.  These 
computers  perform  mathematical 
functions  in  directly  analogous 
fashion,  not  resorting  to  arithmet¬ 
ical  substitutes.  The  computing 
elements  have  to  be  continuously 
connected  to  each  other  in  the  order 
required  by  the  equation  being 
solved. 

The  necessity  of  reducing  mathe¬ 
matical  operations  to  arithmetical 
ones  requires  considerable  planning 
before  a  digital  computer  can 
handle  a  problem.  Also,  because 
the  indirect  computations  must 
usually  be  carried  to  more  places 
than  are  required  in  the  final  re¬ 
sult,  the  computing  elements  must 
have  capacity  for  dealing  with  large 
numbers.  Consequently,  electronic 
digital  computers  find  their  great¬ 
est  utility  in  large-scale  computa¬ 
tion  projects.  Because  they  operate 
by  gated  pulses,  noise  and  drift  in 
the  circuits  can  be  prevented  from 
interfering  with  the  results.  By 
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performing  computations  by  alter¬ 
nate  methods  errors  can  be  detected 
and  evaluated. 

On  the  other  hand,  d-c  analog 
computers  operate  continuously. 
Drifts  in  one  section  can  thus  be 
passed  to  succeeding  sections,  af¬ 
fecting  the  results.  These  comput¬ 
ers  are  therefore  limited  to  compu¬ 
tations  that  can  be  completed  before 
drifts  become  appreciable.  By 
proper  design,  instabilities  can  of, 
course  be  made  as  small  as  neces¬ 
sary,  or  the  more  complicated  a-c 
analogs  can  be  used.  Furthermore, 
because  little  preparation  of  the 
problem  for  the  computer  is  neces- 


NEW  TOOLS 

Creotive  engineers  are  frequently 
hampered  by  lengthy  routine  calcula¬ 
tions.  High-speed  electronic  computers 
can  perform  these  calculotions. 

There  are  two  types  of  computers:  | 
digital  and  analog.  Although  digital 
computers  are  capoble  of  higher  ac¬ 
curacy  and  of  performing  more  com¬ 
plex  operations,  analog  computers — 
the  elements  of  which  are  described 
in  this  article— ore  simpler  to  con- 
stoKt  and  to  set  up. 

In  effect,  electronic  analog  com¬ 
puters  replace  engineers'  slide  rules, 
providing  tools  for  performing  more 
operations  faster  and  with  about  the 
same  accuracy  j 


sary,  analog  computers  are  easier 
to  set  up.  Errors  can  be  deter¬ 
mined  by  repeating  each  calcula¬ 
tion. 

Analog  computers  are  therefore 
more  suitable  for  small-scale  prob¬ 
lems  that  do  not  justify  extensive 
preliminary  planning.  Being  both 
easier  to  construct  and  to  operate, 
they  are  suited  to  computations 
that  are  too  extensive  to  be  under¬ 
taken  manually  but  not  so  elaborate 
as  to  justify  using  the  facilities  of 
a  computation  laboratory.  Because 
the  parameters  of  the  problem  can 
be  easily  changed,  electronic  com¬ 
puters  are  useful  in  investigating 
the  effects  of  variations  of  control¬ 
lable  constants  in  design  problems. 

Establishing  Analogs 

In  analog  computers,  physical 
quantities  such  as  voltages  that  can 
be  varied  and  measured  conven¬ 
iently  are  made  to  obey  differential 
equations  identical  to  those  of  the 
original  problem.  The  magnitudes 
and  time  scale  of  the  analogous 
quantities  can  be  reduced  or  in¬ 
creased  to  facilitate  their  measure¬ 
ment. 

By  comparison  to  digital  com¬ 
puters,  analog  computers,  whose  ac¬ 
curacies  need  not  be  too  great  for 
most  applications,  are  often  strik¬ 
ingly  simple.  The  practical  im- 


portance  of  d-c  analog  computers  alyzing  their  accuracies,  some  gen- 
is  their  low  cost  combined  with  ease  eral  problems  of  computer  design 
of  application.  They  solve  compli-  need  consideration.  Both  because 
cated  systems  of  differential  equa-  mechanical  differentiators  are  diffi- 
tions  by  using  such  simple  circuits  cult  to  build  and  because  electrical 
as  d-c  amplifiers  and  potentiome-  differentiators  tend  to  amplify 
ters.  These  elements  can  be  com-  noise,  the  foregoing  equation  is 
bined  to  form  extremely  flexible  usually  reduced  to  the  form 
differential  ■  analyzers  or  highly 
specialized  control  computers. 

When  combining  circuit  elements 
to  form  an  analog  computer,  the 
first  step  is  to  set  up  the  differential 
equations  to  be  solved.  Then  com¬ 
puting  elements  -  corresponding  to 
the  mathematical  operations  to  be 
performed  are  interconnected  to 
duplicate  the  indicated  manipula¬ 
tions.  Initial  conditions  are  set 
into  the  machine  and  the  solution 
obtained  by  varying  the  independ¬ 
ent  parameter.  All  dependent 
parameters  then  vary  in  accordance 
with  the  mathematical  operations. 

Depending  on  the  physical  quan¬ 
tities  used  to  represent  the  mathe¬ 
matical  variables  and  the  nature 
of  the  computing  elements,  analog 
computers  can  be  classed  as  mechan¬ 
ical,  electrical,  electromechanical 
pneumatic  and  hydraulic.  Avail¬ 
ability  and  accuracy  of  computing 
elements  that  perform  the  required 
operations  determine  what  type  of 
computer  will  be  used.  Many  prob¬ 
lems,  especially  in  vibration  and 
automatic  control  engineering,  re¬ 
duce  to  linear  differential  equations 
with  constant  coefficents  of  the 
form 


+/r*(l/p)*i  +  .  .  .  +  sitate  using  time  (on  a  convenient 

//j»(l/p)*jv  »  (l/p")/i(i/)  (2)  gcaie)  as  the  independent  variable, 

in  which  differentiations  are  re-  Ohm’s  and  Kirchhoff’s  laws  afford 
placed  by  integrations.  Thus  means  for  adding  direct  voltages 
integrators  are  important  elements  as  well  as  for  multiplying  them  by 
of  most  analog  computers.  constants;  capacitors  accumulate 

The  independent  variable  y  has  voltage  and  so  form  the  basis  for 
to  be  fed  to  all  integrators,  differen-  integrating  with  respect  to  time, 
tiators,  and  function  generators  as  Stable  feedback  amplifiers  counter- 
well  as  to  the  output  recorders  of  attenuations  inherent  in 

the  computer.  This  common  drive  these  processes, 
by  the  independent  variable  can  *  i 

be  provided  simply  by  choosing 

actual  time  (measured  on  a  rate  If  M  input  voltages  Ei,  E„  .  .  . 

that  may  be  scaled  up  or  down  to  Eu  are  applied  to  the  inputs  of  the 

facilitate  the  computation)  as  the  summing  or  averaging  network  of 

independent  variable.  Then  all  Fig.  lA,  the  output  voltage  Eo  is 

differentiations  and  integrations  m  r  ' 

take  place  with  respect  to  time.  d  V'  »  V’  1 

If  a  device  that  multiplies  two  °  iJ^k  °  ^ 

variables  is  added  to  the  above  com-  i  L  i 

puting  elements,  the  more  general  so  that  the  circuit  is  useful  for 

differential  analyzer  is  produced,  computing  expressions  like 

The  versatility  and  ability  of  any  a  ^  ,  a  i  a 

,  ,  ,  ,,  ,  AiXi  +  AtXt  +  .  .  .  AmXm  (4] 

computer  depends  on  the  number 

of  computing  elements.  voltages  Ei,  are  made  to  cor- 

If  the  time  scale  is  that  of  actual  respond  to  the  variables  x».  Be- 
time,  the  parameters  vary  syn-  ®®use  of  the  factor  on  the  right  of 
chronously  with  those  of  the  phys-  l^owever,  it  is  difficult  tc 

ical  system  whose  differential  equa-  calibrate  the  resistances  in 

tion  is  being  solved.  In  such  a  case,  terms  of  the  coefficients  A„  if  th< 
parts  of  the  system  can  be  incor-  ^stter  are  to  be  controllable  parame- 
porated  into  the  analog  computer.  Equation  3  simplifies  to 

'  *1  ^  The  computer  then  simulates  the  ^ 

pZ(d/dy)  '  ‘  '  ■  remaining  parts  of  the  original  Eo^^RoV^ 

system  and  can  be  used  to  test  the  Li 

Inhere  F are  real  polynomials  incorporated  parts.  For  example,  ‘ 

in  p.  Computing  elements  neces-  the  analog  computer  can  be  used  _  ^ 

9ary  for  solving  such  an  equation  to  test  an  autopilot  in  the  shop.  for  fio  >  <<  1 

are  devices  that  (1)  multiply  a  The  computer  solves  continuously 

variable  by  a  constant,  (2)  form  the  flight  equations  of  the  aircraft 

the  sum  or  difference  of  two  vari-  for  which  the  autopilot  is  intended, 

ables,  (3)  form  the  derivative  of  The  autopilot  supplies  the  input  to 

a  dependent  variable  with  respect  the  computer.  The  computer  simu- 

to  the  independent  variable,  and  lates  the  responses  of  the  aircraft, 

(4)  generate  the  functions  of  the  and  feeds  them  back  to  the  auto¬ 
independent  variable.  Repeated  pilot.  Other  regulators  can  be 

operations  with  these  elements  will  studied  in  the  same  manner, 

solve  all  problems  that  can  b>e  ex-  The  d-c  analog  computer  repre- 
pressed  in  the  foregoing  form.  sents  the  dependent  variables  by 

direct  voltages  that  vary  with  time, 

Camputer  Con.ideration.  independent  variable. 

Before  describing  elements  that  In  their  simple  form,  as  discussed  Eo  -  -  Ro 
perform  these  operations  and  an-  here,  these  computers  can  solve 


in  which  case  changing  the  coeffi¬ 
cients  is  easier,  but  the  ranges  of 
the  coefficients  A»  =  Ro/Rt  and  the 
impedance  ratio  between  input  and 
output  are  severely  limited. 

These  drawbacks  are  overcome 
by  the  summing  amplifier  of  Fig. 
IB,  which  is  widely  used  in  d-c  and 
a-c  servomechanisms.  The  output 
voltage  is 
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The  gain  A  of  the  amplifier  must 
be  negative  otherwise  the  circuit 
is  unstable.  If  the  amplification 
is  large,  the  output  is  practically 
independent  of  the  gain,  and  Eq.  6 
simplifies  to 


which  can  be  used  to  compute  the 
output  in  actual  installations. 

Because  Eq.  7  is  the  one  usually 
used,  it  is  important  to  know  the 
error  introduced  by  the  approxima¬ 
tion.  From  Eq.  6  and  7,  one  finds 
that  if  the  approximation  of  Eq.  7 
is  to  be  within  P  percent  of  the 
exact  result  of  Eq.  6,  then  it  is 
necessary  that 


or  approximately 


(») 


or,  if  the  maximum  value  of  Ro/Rk 

IS  Pmax 


These  last  two  equations  hold  ex¬ 
actly  if  the  summing  circuit  is  cali¬ 
brated.  However,  these  error  con¬ 
siderations  must  be  observed  in 
designing  computers. 

Negative  feedback  amplifiers  are 
also  used  as  phase  inverters  when¬ 
ever  negative  quantities  must  be 
introduced  into  the  computer.  They 
can  also  be  used  to  sum  and  to 
multiply  by  constants  at  the  same 
time.  Addition  can  also  be  per¬ 
formed  in  the  computer  at  the  input 
of  the  integrating  amplifiers  de¬ 
scribed  below.  Multiplication  can 
be  performed  in  either  the  sum¬ 
ming  or  integrating  amplifiers  by 


fig.'s — Combinations  oi  resistors,  capacitors  and  high-goin  direct-current  amplifiers 
provide  the  electrical  equivalent  of  mathematical  tremsforms.  Inductors  are  rarely 
used  in  computers  because  they  have  more  loss  than  con  be  tolerated  in  thb  applica¬ 
tion.  Computers  for  special  purposes  employ  appropriote  circuits  to  perform  frequently 
recurring  monipulations;  more  general  computers  use  circuits,  such  os  the  two  next 
to  the  top.  that  perform  basic  operations 
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The  d-c  analog  computer  consists 
of  banks  of  these  basic  elements 
arranged  so  that  they  can  be  inter¬ 
connected,  usually  by  plugging  con¬ 
nectors,  hs  required  by  the  equa¬ 
tions  to  be  solved.  Calibrated 
potentiometers  are  provided  for 
setting  in  constants,  and  synchro¬ 
nously  driven  tapered  potentiome¬ 
ters  are  used  to  provide  special 
functions.  As  in  designing  all 
electronic  systems,  stability  and 
interstage  coupling,  especially 
through  common  power  supplies, 
need  careful  attention. 


showing  that,  as  far  as  the  approx¬ 
imation  to  a  true  integrator  is  con¬ 
cerned,  the  effective  time  constant 
is  ARC  and  the  attenuation  is  only 
\/RC.  The  available  computing 
time  for  any  given  attenuation  has 
been  multiplied  approximately  by 
A,  as  compared  to  the  simple  R-C 
integrator.  Moreover,  the  output 
can  be  made  to  match  a  low-im¬ 
pedance  load,  such  as  a  potentiome¬ 
ter,  without  impairing  the  quality 
of  integration. 

The  electronic  integrator  has  a 
limitation  that  must  be  given  care¬ 
ful  consideration  in  designing  the 
computer.  The  highest  output 
voltage  reached  during  the  com¬ 
puting  time  should  not  exceed  the 
range  within  which  the  amplifier 
output  tube  performs  linearly ;  that 
is,  saturation  must  be  avoided. 

Because  of  the  nature  of  inte¬ 
gration,  it  is  possible  for  initial 
errors  in  integration  to  increase 
with  time.  Accordingly,  the  design 
of  the  integrator  is  the  crucial  part 
of  the  entire  computer  design. 


potentiometer-t3rpe  voltage  dividers 
or  by  attenuators. 


Electronic  Integration 

The  simple  R-C  integrating  net¬ 
work  of  Fig.  1C  can  be  used  for 
computation.  Its  transfer  function 


B\  fiCp  -f- 1  ^  ’ 

approximates  that  of  a  true  inte¬ 
grator  at  least  for  high  rates  of 
voltage  change  (high  frequencies) 
so  that 


El  RCp  ,  ^  ' 

tor  RCp  » 1 

For  low  rates  of  change,  however, 
to  secure  accurate  integration  the 
time  constant  RC  must  be  so  large 
that  attenuation  in  such  a  circuit 
becomes  prohibitive. 

Consider  the  response  of  the 
integrator  to  a  step  function.  Then 

Jf(<)  —  I  —  exp(  —  t/RC)  — 


Setting  Up  the  Computer 

In  solving  equations  on  d-c  an¬ 
alog  computers  that  use  such  ele¬ 
ments  as  these,  a  special  procedure 
must  be  followed,  and  auxiliary 
circuits  may  be  necessary.  To 
illustrate  the  procedure,  consider 
setting  up  the  computer  for  solving 
the  differential  equation 

l)*y  —  0.2py  —  (1®) 

which,  for  use  in  an  analog  com¬ 
puter,  is  equivalent  to 

y  -  -(l/p)(0.2y-y/p)  'I  (20) 

and  so  is  handled  in  this  form  to 
use  integrators  rather  than  differ¬ 
entiators.  The  voltage  correspond¬ 
ing  to  y  appears  at  the  upper  right 
in  the  computer  circuit  shown  in 
Fig.  2A.  The  diagram  shows  how 
voltages  0.2y  and  —  y/p  are  formed 
by  a  potentiometer  and  an  inte¬ 
grator.  These  two  voltages  are 
then  applied  to  a  summing  inte¬ 
grator  to  complete  the  solution  for 
y.  The  voltage  y  is  fed  back  so 
that  it  must  vary  according  to  the 
given  differential  equation. 

In  most  problems,  initial  values 
for  the  dependent  variables  are 
specified.  To  provide  for  setting 
these  initial  voltages  at  the  begin¬ 
ning  of  each  run  of  the  computer, 
a  variable  voltage  source  can  be 
connected  across  the  output  of  each 
integrator.  While  the  computer  is 
operating  it  is  impossible  to  keep 
the  fixed  values  set  up.  A  variable 
could  not,  for  instance,  have  a  time 
rate  of  change  and  yet  have  a  fixed 
value.  Therefore  the  d-c  analog 
computer  is  made  inoperative  by 
grounding  the  grids  or  input  ter¬ 
minals  of  all  integrators  while 
initial  conditions  are  being  set  up. 
To  start  a  run,  the  amplifiers  are 
disconnected  from  the  initial-value 


L^J  L2(W="-  •  -J  '  ^ 

in  which  the  first  term  is  the  in¬ 
tegral  term  and  the  second  is  the 
error  term.  The  error  increases 
with  time;  however,  if  the  integral 
term  is  less  than  unity,  the  error 
is  less  than  the  first  term  of  the 
error  expression.  Hence,  if  the  re¬ 
sult  is  to  be  within  P  percent  of 
the  true  integral,  it  is  necessary 
that 

,  ^  P/2C  7  .... 


Electronic  Differentiation 

Although  integrators  are  of 
great  practical  importance,  and 
differentiation  is  avoided  in  setting 
up  equations  for  analog  com¬ 
puters,  differentiators  are  some¬ 
times  needed.  Figure  IE  shows  a 
simple  differentiator  the  transfer 
function  of  which  is 


Computing  time  must  be  limited 
accordingly. 

Other  electronic  integrators  have 
similar  limitations  on  the  com¬ 
puting  time.  The  limiting  relation 
of  Eq.  14  applies  to  all  input  func¬ 
tions  because  they  can  be  repre¬ 
sented  as  sums  of  step  functions, 
and  because  the  integral  and  error 
terms  change  sign  simultaneously 
with  the  input  step  functions. 

A  more  accurate  and  practical 
integrator  is  that  of  Fig.  ID  in 
which  an  amplifier  is  used.  Good 
integration  is  obtained  with  little 
or  no  attenuation  and  smaller 
values  of  resistance  and  capac¬ 
itance.  The  transfer  function  is 


El  RCp  +  1  (17) 

so  that  the  circuit  approximates  a 
true  differentiator 


El  ~  (18) 

for  iPCpl  <<  1 

The  requirement  that  the  time  con¬ 
stant  be  small  to  differentiate 
high-frequency  components  satis¬ 
factorily  means  that  the  attenua¬ 
tion  is  prohibitive. 

The  electronic  differentiator  of 
Fig.  IF,  the  transfer  function  of 
which  is 

Eo  RCp 

El  ~  [{X-A)/A\  +  [{RC/A)p\  (19) 

gives  a  better  approximation 


El  (1  -  A)RCp  +  1 
which  can  be  simplified  to 


and  can  be  analyzed  similarly  to 
the  integrator. 


El  RCp 

tor  |A|  »  1,  lARCpI  »  1 
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voltage  sources  and  the  grids  un¬ 
grounded.  All  this  must  be  done 
simultaneously  for  all  amplifiers, 
so  a  system  of  relays  such  as  that 
of  Fig.  2B  is  used. 

The  number  of  given  initial  con¬ 
ditions  must  always  equal  the  num¬ 
ber  of  integrators  used  for  the 
particular  problem,  and  each  inte¬ 
grator  must  be  set  to  the  corre¬ 
sponding  initial-condition  voltage 
before  a  run.  However,  summing 
amplifiers  or  phase  inverters  need 
not  be  set  for  the  initial  conditions 
corresponding  to  their  initial  out¬ 
put  voltages,  although  it  may  be 
desirable  to  set  the  output  of  the 
amplifier  that  feeds  a  recorder.  The 
calibrated  voltage  source  by  which 
this  is  done  may  be  useful  for 
calibrating  the  recorder. 

Initial  values  are  usually  given 
for  variables  and  their  derivatives, 
such  as  y,  dy/dt,  ....  In  many 
computer  setups  the  integrator  out¬ 
put  voltages,  which  have  to  be  set 
to  their  initial  conditions,  may  not 
correspond  to  y,  dy/dt,  ...»  but 
to  linear  combinations  of  them, 
such  as  fiy  +  dy/dt.  The  corre¬ 
sponding  initial  voltages  must  be 
computed  and  the  integrators  set 
accordingly,  using  the  correct  scale 
factor. 

Because  the  initial  value  voltage 
sources  have  to  charge  the  inte¬ 
grating  capacitors,  they  should 
have  fairly  low  internal  impedance 
(500  to  1,000  ohms  if  possible)  so 
that  the  initial  values  can  be  set 
into  the  computer  without  too  much 
time  lag. 

Limits,  Functions  and  Tables 

In  certain  problems  to  be  solved 
by  d-c  analog  computers,  the  values 
of  some  of  the  dependent  variables 
may  be  limited.  For  example,  in 
automatic  controls  the  operating 
range  may  be  restricted  by  limit 
stops.  Such  conditions  are  a  form 
of  nonlinearity  that  can  be  taken 
care  of  easily  by  simple  analog 
computers. 

The  direct  voltages  representing 
the  nonlinear  variables  in  question 
are  restricted  within  positive 
and/or  negative  limits  by  diode 
clippers  as  shown  in  Fig.  2C.  The 
diodes  have  very  low  impedances 
for  all  voltages  higher  than  the 
biases  applied  to  them.  For  good 
limiting,  the  variable  bias  limit 


voltage  sources  should  have  low 
impedance  (300  to  500  ohms),  be¬ 
cause  the  amplifier  outputs  have 
fairly  low  impedances  to  ground. 

To  solve  equations  such  as  the 
one  for  forced  oscillations  . 

F(x/p)  -  F«)  (21) 

on'  a  d-c  analog  computer,  it  is 
necessary  to  introduce  voltages 
varying  with  time  like  the  given 
function  F{i).  There  are  many 
possible  methods  for  generating 
such  function  voltages.  A  direct 
voltage  can  be  varied  in  almost 
any  manner  with  time  by  using 
properly  tapered  potentiometers 
that  are  driven  by  constant-speed 
motors,  or  by  using  linearly  wound 
potentiometers  driven  by  function 
cams.  A  graph  of  the  required 
function  can  be  plotted  on  an  input 
table,  which  is  moved  at  a  constant 
speed  along  the  time  axis  while  a 
stylus  follows  the  curve.  The  stylus 
drives  a  potentiometer  to  produce 
the  function  voltage. 

As  a  rule  such  complicated  func¬ 
tion  generators  are  unnecessary. 
The  functions  most  frequently 
needed  for  analyzing  frequency  re¬ 
sponse  of  systems  are  sine  waves. 
Although  designing  sine-wave  gen¬ 
erators  is  straightforward,  it  is 
difficult  to  generate  sinusoidal 
voltages  of  the  necessary  purity  at 
the  low  frequencies  used  in  most 
d-c  analog  computers.  Sine  waves 
can  be  generated  electromechan- 
ically  with  rotating  tapered  poten¬ 
tiometers  or  by  rectifying  the 
output  of  rotating  a-c  transformers. 
Phase  shift  or  heterodyne  oscilla¬ 
tors  can  also  be  used  but  they  are 
rarely  stable  enough  at  the  low 
frequencies  involved. 

Continuous  functions  usually 
contained  in  mathematical  tables, 
such  as  hyperbolic  functions,  can 
be  generated  similarly  if  required. 

Outputs  and  Recorders 

The  variation  with  time  of  the 
voltages  representing  the  depend¬ 
ent  variables  can  be  recorded  by 
electromechanical  oscillographs  or 
by  recording  galvanometers  if  the 
components  of  frequency  are  below 
about  100  cps.  The  choice  of  the 
recorder-'  determines  the  upper 
limit  for  the  frequencies  to  be  used 
in  the  computer. 

Because  of  the  low  impedances 
of  recording  meters,  it  is  necessary 


to  drive  them  through  a  d-c  imped¬ 
ance  transformer  such  as  a  com¬ 
pensated  cathode  follower.  The 
accuracy  of  most  recording  devices 
(2  to  3  percent)  is  inadequate  for 
large  computers;  it  may  be  worth¬ 
while  to  design  special  servo-driven 
plotting  boards  for  recording. 

In  many  cases,  such  as  certain 
oscillation  studies,  recording  the 
output  is  unnecessary  because  the 
interest  is  mainly  in  the  rms  or 
average  values  of  the  variables. 
Such  averages  can  be  read  directly 
on  meters  connected  to  the  output 
of  integrators. 

Circuits  for  Special  Functions 

Many  frequently  encountered 
transfer  functions  can  be  produced 
directly  using  high-gain  feedback 
d-c  amplifiers  in  combinations  with 
several  resistors  and  -capacitors. 
These  networks  can  be  used,  for 
example,  in  servomechanisms  to 
provide  delay  or  anticipation.  In 
computers  they  perform  operations 
which  would  otherwise  require  sev¬ 
eral  of  the  simpler  elements  that 
have  been  described,  and  so  their 
use  simplifies  handling  such  rela¬ 
tions. 

Figure  3  shows  several  such  cir¬ 
cuits  and  their  approximate  trans¬ 
forms  obtained  if  the  amplifiers 
have  very  high  gain.  Many  such 
circuits  could  be  devised  to  corre¬ 
spond  to  all  the  functions  in  a  given 
table  of  transforms.  However, 
there  is  a  practical  limit  to  the 
number  of  such  circuits  that  would 
prove  useful.  Most  computations 
encountered  in  electronic  and  other 
branches  of  engineering  can  be 
performed  with  the  computer  ele¬ 
ments  that  have  been  described 
here. 
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indication  of  the  development  of  this  ap¬ 
plication  of  electronic  techniques. 
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Remote  testing  of  telephone  dial  speed  and  pulse  length  is  accomplished  with  a  simple 
electronic  device.  D-c  voltage  proportional  to  dial  speed  affects  bias*  on  thyratrons  that 
control  audible  signals  sent  back  over  line  to  indicate  slow,  correct,  or  fast  operation.  Pulse 
.  length  is  similarly  checked  and  indicated 
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IN  THE  OPERATION  of  an  automatic 
telephone  exchange,  the  charac¬ 
teristics  of  the  telephone  dial  from 
which  controlling  impulses  are  de¬ 
rived  are  of  importance  because  the 
relays  and  switches  are  adjusted 
for  optimum  response  at  a  given 
pulse  rate.  Specifically,  the  speed 
of  the  dial  must  be  such  that  be¬ 
tween  9  and  11  impulses  per  second 
are  transmitted  and  these  impulses 
must  have  an  on-off  ratio  of  ap¬ 
proximately  2  to  3;  that  is,  the  con¬ 
tact  make  time  is  40  percent  of  the 
cycle,  and  the  break  time  is  60  per¬ 
cent  of  the  cycle.  For  convenience  in 
maintaining  a  number  of  telephone 
dials  in  proper  operating  condition, 
the  use  of  a  centrally  located  test 
unit  is  desirable. 

The  dial  tester  to  be  described 
was  developed  for  use  with  an  in¬ 
dustrial  plant  telephone  system  to 
assist  in  maintaining  proper  oper¬ 
ation  of  some  400  instruments 
(telephone  dials)  without  the  need 
for  carrying  test  equipment  from 
instrument  to  instrument,  or  the 


Under-chassis  Tlew  of  the  unit  complete  with  regulated  power  supply 


need  for  removing  instruments 
from  their  usual  locations  for  test 
at  a  central  location*.  The  dial 
tester  is  not  a  commercial  instru¬ 
ment,  nor  was  it  built  with  the  idea 
of  making  a  commercial  instrument 
of  similar  characteristics. 

The  test  unit,  energized  by  dial¬ 
ing  an  appropriate  number,  returns 
a  tone  to  the  receiver  of  the  instru- 


CHECKING  CONTROL  DIALS 

Users  of  telemetering  equipment  controlled  by  dial  impulses  require  a  convenient 
calibration  and  checking  standard.  The  tester  described  makes  it  easy  to  maintain 
speeds  between  9  and  11  pulses  per  second  to  which  switching  is  normally  adjusted, 
and  in  addition  allows  a  check  op  the  ratio  of  make-and-break  time  of  the  cycle 


ment  being  tested,  indicating 
whether  the  speed  is  correct,  too 
slow,  or  too  fast.  By  dialing  a  dif¬ 
ferent  test  number,  the  instrument 
indicates  whether  the  contact 
make-break  ratio  is  correct.  The 
apparatus,  shown  in  block  form  in 
Fig.  1,  is  a  high-low  limit  device. 

Rate  Testing 

For  speed  testing,  the  dial  im¬ 
pulses  received  over  the  line  from 
the  remote  instrument  operate  a 
pulse  repeating  relay  that  triggers 
a  one-shot  multivibrator,  once  for 
each  received  pulse.  The  output 
pulses  from  this  circuit  have  a 
width  and  height  dependent  pri¬ 
marily  on  the  characteristics  of  the 
multivibrator  circuit,  and  inde- 


Telephone  Dial  Tester 
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pendent  of  the  waveform  or  width 
of  the  incoming  pulses.  Accord¬ 
ingly,  the  repetition  rate  of  the 
multivibrator-derived  pulses  is  the 
only  characteristic  that  is  related 
to  the  incoming  pulses  when  this 
particular  portion  of  the  circuit  is 
in  use.  These  pulses  are  averaged 
in  an  RC  circuit  to  produce  a 
smooth  direct  voltage  that  reaches 
a  steady  state  prior  to  the  termina¬ 
tion  of  the  10  test  impulses  sent  to 
it  by  the  dial.  This  steady-state 
direct  voltage  is  used  to  overcome 
the  peak  a-c  bias  on  a  pair  of  thyra- 
trons.  The  thyratrons  are  arranged 
so  that  one  requires  a  small  value 
of  d-c  before  firing,  while  the  second 
requires  a  slightly  larger  value  of 
d-c  before  it  will  fire. 

If  the  dial  is  running  at  the  cor* 
rect  speed,  the  d-c  bias  developed 
is  sufficient  to  fire  one  thyratron 
only.  If  the  dial  is  running  too 
slowly,  the  voltage  is  insufficient  to 
fire  either  thyratron.  If  the  dial 
is  running  too  fast  the  voltage  de¬ 
veloped  is  sufficient  to  fire  both  thy¬ 
ratrons.  In  the  last  case,  the  thy¬ 
ratrons  fire  in  time  sequence  since 
the  voltage  required  to  fire  one  is 
developed  at  an  earlier  time  than 
that  required  to  fire  the  other. 

Each  thyratron  plate  circuit  con- 
lains  a  relay  coil.  An  associated 
l  icking  coil  is  also  provided.  Ac¬ 


cordingly,  when  a  thyratron  fires, 
its  associated  relay  is  energized  and 
locks  up.  The  operation  of  the  re¬ 
lay  contacts  changes  the  frequency 
developed  by  a  local  RC  oscillator 
incorporated  as  part  of  the  appa¬ 
ratus.  If  a  dial  is  running  too 
slowly,  no  change  in  frequency  oc¬ 
curs,  and  a  500-cycle  note,  which 
was  present  at  the  beginning  of  the 
test,  remains  unchanged. 

If  the  dial  is  running  at  the  cor¬ 
rect  speed,  between  9  and  11  im¬ 
pulses  a  second,  one  relay  operates, 
producing  one  step  in  frequency 
and  changing  the  frequency  to 
1,000  cycles.  If  the  dial  is  running 
too  fast,  both  thyratron  control 


relays  oi)erate  in  sequence,  produc¬ 
ing  two  distinct  frequency  steps, 
the  final  frequency  present  being 
approximately  1,500  cycles.  These 
frequencies  are  returned  over  the 
telephone  line  to  the  receiver  of  the 
instrument  under  test. 

PhIm  Daratioa  T«st 

The  make-break  ratio  test  circuit 
operates  in  a  similar  fashion,  with 
the  exception  of  the  derivation  of 
the.  d-c  control  bias  for  the  thy¬ 
ratrons.  Prior  to  the  make-break 
ratio  test,  the  dial  speed  is  set  cor¬ 
rectly  by  the  speed  test  described 
above.  Then  a  different  test  num¬ 
ber  is  dialed  that  actuates  relays 


FIG.  1— Block  diagram  oi  tho  combined  dial  ipeed  and  moke-break  ratio  analyxer 
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FIQ.  2 — Schematic  diagram  of  tho  oloctroaic  dial  iMtor.  Tolophoao  iwitchiag  intorconnoctioiu  or*  not  ihown 


bias  circuits  for  the  thyratrons, 
marked  Percent  and  Speed,  and 
the  potentiometer  marked  A  Con¬ 
trol,  are  used  to  set  the  operating 
points  of  the  thyratrons  correctly 
for  the  speed,  and  the  make-to- 
break  ratio  tests,  with  the  aid  of 
test  dials  that  have  been  modified 
to  have  characteristics  at  either 
end  of  the  acceptance  band  of  the 
apparatus  for  both  tests.  Modifica¬ 
tion  of  dials  for  this  purpose  is  per¬ 
formed  easily  with  the  aid  of  an 
oscilloscope  and  a  calibrated  oscil¬ 
lator  for  speed  determination,  as 
well  as  observation  of  the  mechan¬ 
ical  operation  of  the  contacts  with 
angrular  position  of  the  actuating 
cam  for  make-to-break  percentage. 

The  battery  connections  for  the 
various  relays  refer  to  the  48-volt 
local  telephone  battery.  Relay  coils 
and  associated  contacts,  while  phy¬ 
sically  separated  on  the  diagram, 
are  identified  by  the  same  symbol 
letter  and  numeral,  with  additional 
letters  for  various  multiple  contacts 
present  on  a  single  relay.  For 
stability  a  regulated  d-c  power  sup¬ 
ply  is  used.  A  regulated  a-c  supply 
for  the  thyratrons  is  also  desirable. 


to  change  the  connections  to  the  the  telephone  line  to  indicate  a 
test  unit.  These  changes  omit  the  make-to-break  ratio  that  is  too 
multivibrator  stage  and  connect  an  small,  correct,  or  too  large. 

RC  averaging  network  directly  to  cire.i* 

the  incoming  line.  The  pulses  re¬ 
ceived  directly  from  the  incoming  The  control  relays  used  to  actu- 
line  are  controlled  in  width  by  the  ate  the  apparatus  are  arranged  so 
make-break  ratio  of  the  dial  under  that  when  the  instrument  being 
test  Their  height  is  determined  tested  hangs  up,  the  B  supply  volt- 
by  the  voltage  provided  from  the  age  and  the  a-c  plate  supply  for  the 
regulated  power  supply  in  the  ap-  thyratrons  is  disconnected,  al- 
paratus  and  by  line  attenuation  though  the  heaters  are  left  in  an 
characteristics.  Since  central  ex-  energized  condition.  At  this  time 
change  apparatus  must  work  with  the  lock-up  circuits  of  the  thyra- 
pulses  of  the  same  line  attenuation,  tron  plate  relays  are  also  de-ener- 
this  factor  is  eliminated  by  setting  gized,  returning  these  relays  to 
the  make-break  ratio  of  the  dial  to  their  normal  position, 
provide  correct  indication  regard-  Referring  to  the  actual  circuit 
less  of  line  characteristics.  Actually,  shown  in  Fig.  2,  it  will  be  noted 
this  feature  is  of  little  importance  that  the  thyratrons  used  are  2060 
as  the  lines  in  a  plant  telephone  tubes.  With  continuous  operation 
system  are  relatively  short  Ac-  of  the  2050  heaters,  the  d-c  bias 
cordingly,  the  width  of  the  pulses  required  to  fire  one  of  these  thy- 
becomes  the  controlling  factor  in  ratrons  is  surprisingly  consistent 
determining  the  d-c  bias  developed  Tests  made  over  a  period  of  several 
and  applied  to  the  thyratron,  speed  weeks  indicate  that  stability  in  the 
having  been  eliminated  by  the  ad-  order  of  75  millivolts  can  be  ex- 
justments  made  with  the  previously  pected  after  the  tubes  have  been 
described  tests.  Again  the  same  allowed  to  age  continuously  for  a 
'tones  of  500,  1,000,  or  1,600  cycles  few  days. 

are  returned  to  the  instrument  over  The  potentiometers  in  the  d-c 
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Many  uses  suggest  themselves  on  sigh 
'/  The  space  saved  by  this  new,  llOV  AC 

f  receptacle  .  .  .  the  materials  in  component 

/  parts  .  ,  .  CINCH’S  quarter  of  a  century  of 

experience  in  making  exacting  standard 
sockets  for  Electronics  .  .  .  recommend  it — 
and  insure  satisfaction. 

CINCH  solder  coated  contacts  for  easy 
soldering,  high  dielectric  bakelite — a  de- 
M  pendable,  durable  space  saving  receptacle 

for  innumerable  purposes.  Obtainable  in 
alignment  of  from  one  to  six  or  more. 

Compact,  it  is  1  1-2'^  long,  9-16*^  wide,  and  »' 

firmly  holds  the  standard  blade  plug.  It  is  < 

Underwriters  approved,  and  designed  for  s*',**  • 

sub  or  top  mounting.  Write  for  samples 
and  further  detail.  ‘ 
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World  Power  Line  Data 


Predominant  voltages  ’  and  frequencies  in  165  foreign  cities  having  over  200,000 
|»opulation,  for  designers  of  electronic  equipment  intended  for  export.  Most  common 
power  outside  U.  S.  is  50  cycles  at  220  or  230  v.  Values  of  d-c  voltages  are  bold-face 


Adelaide,  Australia — 30  50c  210/420v 
Asra,  India — 30  50c  230/400v 
Ahmedabad,  India — 30  60c  230/400v 
Alexandria,  EarPt — 10  50c  115/230v 
AUliers,  Alir^a — 30  oOc  115/200v 
Altona,  Germany— ^0  60c  220/380v ; 
tS0/44*Tt  HOT 

Amritsar,  ^ndia — 30  BOc  230/400v ; 

tt*/440T 

Amsterdam,  Netherlands  —  30  50c 

220/380V 

Amoy,  China — 30  60o  110/220v 
Antwerp,  Belerium — 30  50c  115/200V 
Athens,  Greece — 30  BOc  220/380v 
Auckland,  New  Zealand — 30  BOc 
230/400v;  830/460y 
Avellaneda,  Argentina — 30  BOc 
280/380V 

Bagdad,  Iraq — 30  BOc  220/380v  ; 

St*/440T 

Balcu,  Russia — 30  BOc  120/2  lOv 
Bangkok,  Slam — 30  BOc  110/220v 
Bangalore,  India — 10  OOc  220v 
Batavia,  Java — 30  BOc  127/220v 
Belfast,  Ireland — 30  BOc  220/3 80v 
Belgrade,  Yugoslavia — 30  BOc  220/380v 
*  120/2O6V 

Benares,  India — 30  BOc  230/400v 
Berlin,  Germany — 30  BOc  220/380v ; 

220/440v 

Birmingham,  England — 30  BOc 
230/400V;  220/440v 
Bochum,  Germany — 30  BOc  220/880v  & 
127/220V 

Bogota,  Colombia — 30  OOc  lB0/200v 
Bologna,  Italy — 30  42c  127/220v 
Bombay,  India — 30  BOc  230/400v ; 

2S0/460V 

Bordeaux,  France — 30  BOc  115/200v; 
llOv 

Bradford,  England — 30  BOc  230/400v ; 

22»/440v 

Bremen,  Germany — 30  50c  230/400v  & 
12B/210V 

Breslau,  Germany — 30  BOc  220/380v 
Brisbane  Australia — 30  BOc  240/41BV 
Bristol,  England — 30  BOc  2iu/365v; 
25S/S0SV 

Bmo,  Csechoslovakia — 30  BOc 
110/380/380V 

Brussels,  Belgium — 30  BOc  110/190v 
Bucharest,  Roumania — 30  BOc  120/208V 
&  llO/lSOv 

Budapest,  Hungary — 30  BOc  220/380v; 

llOv 

Buenos  Aires,  Argentina — 30  50c 
220/880v:  22e/440T 
Cairo,  S^pt — 10  40c  100/200v:  llOv 
Calcutta,  Indiar-^0  BOc  230/400v; 

22S/4S0T 

Cape  Town,  Union  of  South  Africa — 30 
Canton,  China — 30  6O0  220/380v  & 
110/i90v 

Cardiff,  England — 30  BOc  200/230v ; 
200/400T 

Catania,  Italy — 30  BOc  lB0/260v 
Cawni>ore,  India — 30  BOc  230/400v  ; 
22S/460V 

Chemnitx,  Germany — 30  BOc  120v 
Chungking,  China — 30  BOc  220/380v 
Colombo,  Ceylon — 30  BOc  230/400v  ; 

220/440V 

Copenhagen,  Denmark — 30  BOc 


Data  given  here  was  obtained  from 
“World  Electrical  Markets,”  a  publica¬ 
tion  of  the  Electrical  Division,  Bureau 
of  Foreign  and  Domestic  Commerce, 
Washington,  D.  C.  Power  data  for 
cities  not  listed  here  and  for  entire 
countries  can  be  obtained  by  writing 
to  the  Bureau.  Abbreviations  used 
here  are :  c— cycles  per  second ;  0— 
phase  (single-phase  power  is  of  course 
available  where  30  is  indicated)  ;  v — 
volts  ;  / — and,  signifying  both  voltages 
are  avallabia 


220/380V  A  127/220v:  t20/440r 
Cordoba,  Argentina — 30  BOc  220/380v 
Croydon,  England — 30  BOc  230/400v  ; 

880/4MT 

Dairen,  Kwantung  province — 30  50c 
110/220V 

Delhi,  India— 30  BOc  200/400v ; 

2tS/440T 

Dortmund,  Germany — 30  BOc  220/380v 
A  12B/216V;  220/44«t:  llOv 
Dresden,  Germany — 30  BOc  220/380v  A 
110/220V 

Dublin,  Ireland — 80  BOc  220/380v 
Duisburg,  Germany — 30  BOc  220/380v 
Dusseldorf,  Germany — 30  BOc 
220/380V;  llOv 

Edinburgh,  Scotland — 30  BOc  230/400v ; 

tSO/4«0v 

Essen,  Germany — 30  50c  220/380v ; 

liov 

Florence,  Italy — 30  BOc  lB0/260v  ; 
ISO/SOOt 

Foochow,  China — 30  BOc  220/880v 
Frankfort,  Germany — 30  BOc  320/3 80v 
A  127/220V 

Genoa,  Italy — 30  BOc  1B0/260V  A 
127/220V 

Glasgow.  Scotland — 80  BOc  250/440v: 
t5S/500v 

Goteborg,  Sweden — 30  BOc  120/380v 
The  Hague,  Netherlands — 30  BOc 
127/220V 

Halle,  Germany — 30  BOc  220/380v ; 
220/44 Or 

Hamburg,  Germany — 30  BOc  220/380v; 
220/440v;  llOv 

Hankow,  China — 30  BOc  220/380v  ; 
220/440V 

Harbin,  Manchukuo — 30  BOc  135/234v 
Havana,  Cuba— 30  60c  110/220v 
Helsingfors,  Finland — 30  BOc 
127/220V;  22S/450t 
Hiroshima,  Japan — 30  BOc  100/200v 
Hong  Kong  China — 30  BOc  200/350v 
Hull,  England — 30  BOc  230/400v  ; 
220/440T 

Hyderabad,  India — 30  BOc  220/380v 
Istanbul,  Turkey — 30  BOc  220/380v  A 
llO/lOOv 

Karachi,  India — 30  BOc  220/380v ; 

220/440T 

Kharkov,  Russia — 30  BOc  110/190v 
Kiel,  Germany — 30  BOc  220/380v  ; 

880/440V 

Kiev,  Russia — 30  BOc  llOv 
Konlgsberg,  Germany — 80  BOc  220v 
Kyoto,  Japan — 30  60c  100/200v 
Lahore,  India — 30  BOc  220/380v; 
220/440V 

Leeds,  England — 30  BOc  230/400v  A 
200/346V 

Leicester,  England — 30  BOc  240/41Bv; 
220/440V 

Leipzig,  Germany — 30  BOc  220/380v  ; 

82e/440v 

Leningrad,  Russia — 30  BOc  120v 
Lille,  France — 80  BOc  120/208v ;  I20r 
Lima,  Peru — 30  BOc  220v 
Lisbon,  Portugal — 30  42c  220/380v ; 

30  BOc  110/190v;  820/440v 
Liverpool,  England — 30  BOc  230/400v; 
880/4eev 

London,  England — 30  BOc  230/4  OOv 
eventually ;  many  kinds  now 
Lucknow,  India — 30  50c  230/400c ; 
2S0/4«0v 

Llow,  Poland — 80  BOc  110/220v 
Madras,  India — 30  BOc  250/400v  ; 
82S/450V 

Madrid,  Spain — 30  BOc  120v;  120v 
Magdeburg,  ^rmany — 30  50c  220/380v 
A  127/220V 

Manchester,  England — 30  BOc 
230/400v;  200/400v 

Mannheim,  Germany-T30  BOc  220/380v 
A  127/220V 

Melbourne,  Australia — 30  BOc 
230/400v;  2S0/460t 
Messina,  Italy — 30  BOc  lB0/260v 
Milan,  Italy — 80  BOc  lB0/2B0v;  30  42e 
144/250V 


Montevideo, •Uruguay — 30  BOc  220v 
Montreal,' Canada — 30  BOc  I15/230v 
Moscow,  Russia' — 30  BOc  120v 
Mukden,  Manchukuo — 30  BOc  110/220v 
Munich,  Germany — 30  BOc  220/380v  ; 
220/440T;  llOv 

Nagpur,  India — 30  BOc  230/400v ; 

280/440V 

Nanking,  China — 30  BOc  220/380v 
Naples,  Italy — 80  BOo  150/2B0v; 
220/440V 

Nice,  France— 30  25c  110/190v;  llOv 
Ningpo,  China — 30  BOc  220/380v 
Oporto,  Portugal — 30  BOc  220/380V  A 
110/190V 

Oslo,  Norway — 30  BOc  230v ;  8SO/46ev 
Palermo,  Italy — 30  50c  lB0/260v 
Para,  Brazil — 30  BOc  120/240v 
Paris,  France — 30  BOc  110/190v 
Peiping,  China — 30  BOc  220/380v 
Pernambuco,  Brazil — 3t0/440Tt  30  BOc 
220v 

Perth,  Australia — 30  40c  240/440v 
Piraeus,  Greece — 30  BOc  220/880v  A 
200/346v;  2S0/4e0v 
Plymouth,  England — 30  BOc  230/400V 
Poena,  India — 30  BOc  380/400v; 
220/440T 

Portsmouth,  England — 30  BOc  230/400v 
A  200/400V 

Poznan  Poland — 30  BOc  220/380v 
Praha,  Czechoslovakia — 30  60c 
120/220/380V 

Riga,  Latvia — 30  BOc  120/220/380v 
Rio  de  Janeiro,  Brazil — 30  BOc 
125/216V 

Rome,  Italy — 30  45c  127/220v 
Rosario,  Argentina — 30  60c  220/380v: 

220/440V 

Rotterdam,  Netherlands — 30  BOc 
220/380v:  220/440V 
Salfoid,  England — 80  BOc  230/400v ; 
2S0/460V 

Saloniki,  Greece — 220/440t 
Santiago,  Chile — 30  BOc  220/380v; 

220/440V 

Sao  Paulo,  Brazil — 30  BOc  120/208V 
Sevilla,  Spain — 30  BOc  127/220v;  llOv 
Shanghai,  China — 30  BOc  200/8BOv, 
220/380V  (Int  settlement),  A 
110/190V 

Sheffield,  Ehigland — 30  BOc  200/350v 
Singapore,  Straits  Settlement — 30  BOc 
230/400v;  8S0/4«0v 
Soda,  Bulgaria — 30  BOc  220/380v 
Soerabaya,  Dutch  East  Indies^ — 30  BOc 
110/190V 

Stettin,  Germany — 30  BOc  220/380v ; 

820/440T 

Stockholm,  Sweden — 30  BOc  220v ; 

820/440V 

Stoke-on-Trent,  England — 30  BOc 
240/415v;  280/44»v 
Stuttgart,  Germany — 30  BOc  220/380v 
A  127/220v;  llOvi  220/440t 
Sydney,  Australia — 30  BOc  240/41Bv; 
240/480V 

Tabriz,  Iran — 30  BOo  220/380v 
Teheran,  Iran — 30  60c  220/380v 
Tientsin,  China — 30  BOc  220/380v 
Tokio,  Japan — 30  BOc  100/200v  ; 

30  60c  100/200V 

Toronto,  Canada— 30  25c  115/230v 
Trieste,  Italy — 30  42c  127/220v 
Tsinan,  China — 30  BOc  220/380v  A 
110/190V 

Tsingtao,  China — 30  BOc  120/200v 
Tunis,  Tunlsiar— 30  BOc  110/190v 
Turin,  Italy— 30  BOc  127/820V 
Valparaiso,  Chile— 30  BOc  220/380v; 

220/440T 

Vancouver,  Canada— 30  BOc  110/220v 
Venice,  Italy— 30  42c  127/220v 
Vienna,  Austria — 30  BOc  220/380v 
Warsaw,  Poland — 30  BOc  120/220V 
Winnspeg,  Canada — 30  BOc  120/220v 
Zudch,  SwitMrland — 80  BOo  330/380v, 
125/220V,  ^  T45/2B0v:  10  BOc 
110/220V  A  220/44OV 
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Compact  Design., 
Unlimited  Circuits 


US  terminals 
really  stay  piU 


THEY’RE  small,  they’re  flexible,  they’re  ruggedly 
designed.  That’s  the  story  of  the  RS  50  and  RS  60 — 
two  Mallory  switches  especially  designed  for  radio  receiver 
applications  where  low  torque  indexing  is  required. 

An  outstanding  feature  of  these  switches  is  the  two-point 
stapling  which  assures  that  terminals  won’t  work  loose. 
The  terminals  themselves  are  made  of  heavy  spring  brass 
for  strength,  silver  plated,  formed  for  flexibility,  insuring 
low  contact  resistance. 

Many  other  features  are  notable  too:  the  improved  low-loss 
phenolic  in  stator  and  rotor  .  .  .  the  star  wheel  ball  index¬ 
ing  with  30°  between  positions  .  .  .  silver-to-silver  double 
wiping  contacts  .  .  .  where  desired  the  exclusive  Mallory 
silver-indium  treatment  may  be  applied  to  rotor  segments 
permitting  higher  contact  pressure  with  lower,  smooth 
operating  torque  and  a  minimum  of  contact  resistance  with 
extremely  low  noise  level  and  long  life. 

The  RS  50  is  made  with  from  2  to  10  positions — the  RS  60 
with  from  2  to  5.  For  more  details,  write  for  engineering 
data  folder. 


Ask  for  RS  Speriiiration  Sheets 

l'rinl«d  on  thin  paprr  to  pmnit  blueprinting,  theae  tectiunal 
drawing*  indicate  atandard  and  optional  dimenaiona — make 
it  eaay  fur  you  to  apecify  Malkiry  RS  awitrhea  built  to  meet 
your  circuit  requiremriit*.  Ask  ytrnr  neareat  Mallory  Field 
Kepreaentative  or  write  direct  fur  a  aupply. 


mMLLVR  I  SWITCHES 
(ELECTRONIC,  INDUSTRIAL  and  APPLIANCE) 
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TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 


Edited  ty  VIN  ZELUFF 


Induction  Hardening  Reduces  Blade  Cost. . 

Truck-Wheel  Baloncer . 

Electronic  Timer  . 

Construction  of  Shielded  Room  in  VHF  Field 

X-Roy  Speeds  Chemicol  Comjxxrisons . 

Polarity  Response  from  Tuning  Eye  Tubes. 
Televiidon  Monitors  Dangerous  Operation. 


Induction  Hardening  Reduces  Blade  Cost 

Use  of  a  radio-frequency  generator 
has  enabled  Hancock  Manufactur¬ 
ing  Company  to  reduce  the  cost  of 
hardening  grass  shear  blades  from 
2.5  cents  each  to  1  cent.  In  addi¬ 
tion,  the  quality  is  improved. 

When  blades  were  hardened 
throughout  using  the  previous 
method  50  percent  of  the  blades  re¬ 
quired  individual  straightening. 

The  product  was  satisfactory,  but 
clostly.  With  automatic  work  han¬ 
dling  equipment,  induction  heating 
produces  900  blades  per  hour,  elimi¬ 
nating  distortion  and  consequent 
straightening  by  heating  the  cut¬ 
ting  edge  of  the  blade  only. 

The  hopper  of  the  work  handling 


equipment  holds  a  three-minute 
supply  of  blades  to  give  the  oper¬ 
ator  time  to  refill  it  and  to  remove 
the  hardened  blades  from  the 
quench  tank.  The  blades  are  auto¬ 
matically  pushed  out  from  the  bot¬ 
tom  of  the  stack  in  the  hopper,  posi¬ 
tioned  with  the  cutting  edge  in  the 
inductor  coil,  exposed  to  a  3.5- 
second  surge  of  r-f  power  from  a 
10-kilowatt  Westinghouse '  genera¬ 
tor,  and  ejected  into  a  basket  in  the 
quench  tank.  A  safety  devise  shuts 
down  the  generator  and  work  han¬ 
dling  equipment  if  the  hopper  emp¬ 
ties,  a  blade  jams,  or  the  generator 
becomes  overloaded.  Frequency  of 
the  generator  is  450  kilocycles. 


Cutting  ndges  of  900  shoor  bladot  psr  hear  or*  hordMiod  with  this  lO-kQowatt  Wssting- 
bouss  induction-hooting  gonorotor.  After  hardening,  eoch  blade  slides  down  a  chats 
into  the  wire  basket  in  the  quench  tonk 


Truck-Wheel  Balancer 
By  S.  R.  Winters 

Travtlers  Rest 
South  Carolina 

A  truck  or  bus  wheel  with  its 
rubber  tire  can  now  b,e  balanced  as 
a  unit  without  removing  it  from 
the  vehicle  by  means  of  a  new  elec¬ 
tronic  device. 

Basically,  the  apparatus  employs 
an  8-tube  .  electronic  circuit  for 
measuring  fhe  amplitude  of  unbal¬ 
ance  vibrations  and  also  to  govern 
the  flashing  of  a  stroboscope  tube. 
The  functioning  of  this  tube  has  to 
be  within  a  tolerance  of  0.02  sec¬ 
ond  if  the  truck  or  bus  wheel  is  to 
be  properly  balanced. 

The  balancer  consists  of  three 
units,  one  of  which  is  a  magnetic 
vibration  pickup  attached  to  an  ac¬ 
cessible  part  of  a  truck  or  bus  near 
the  wheel  being  tested.  The  second 
unit  is  a  spinner,  capable  of  ac¬ 
commodating  a  wheel  revolving  at 
a  rate  of  100  miles  or  more  per 
hour,  which  rotates  the  wheel  as¬ 
sembly  and  rubber  tire  on  the  truck 
or  bus  axle.  The  third  section  is  an 
indicating  meter  and  the  strobo¬ 
scope  tube.  This  section  incorpo¬ 
rates  the  electronic  circuit  which 
determines  the  amplitude  of  the  vi¬ 
brations  and  controls  the  flashing 
of  the  stroboscope  tube. 

The  axle  of  a  truck  or  bus  is 
raised  from  the  ground  with  a  con¬ 
ventional  jack  placed  in  the  center 
of  the  axle.  Attached  to  the  latter 
is  a  magnetic  vibration  pickup.  As 
the  wheel  is  spun,  the  meter  regist¬ 
ers  the  degree  of  unbalance  to  sug¬ 
gest  the  amount  of  balancing 
weights  to  be  applied  to  the  wheel 
rim.  The  stroboscope  tube  is 
mounted  near  the  revolving  rim  of 
the  wheel  and  indicates  the  spot  at 
which  to  put  equalizing  weights. 
Once  the  balancing  weights  have 
been  mounted,  the  wheel  is  re¬ 
checked  readily  for  equilibrium. 

The  use  of  a  modified  form  of  the 
electronic  balancer  during  the  war 
by  the  U.  S.  Army  Air  Forces  in 
testing  giant  aircraft  wheels  pro¬ 
duced  some  rather  surprising  re¬ 
sults.  In  some  cases,  the  instru¬ 
ment  detected  vibrations  having 
their  origin  in  other  sources  than 
unbalance,  such  as  bent  axle  shafts, 
loose  mountings,  bad  bearings,  bent 
wheels  and  poor  tires.  One  spinner 
took  care  of  a  56-inch  wheel  on  a 
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ASK  HIM  TO.. 


H?' 


1.  Asdst  you  in  the  selectioa  of  the 


beet  insuktingnuitenal  for  the  job 


2.  Familiarize  you  with  their  proper 
application. 

3.  Surest  ways  to  eliminate  waste. 

4.  Increase  your  production. 


'NSUi 


The  IMC  engineer  makes  his  recommendations  on  the  basis 
of  his  knowledge  and  experience — not  of  one  or  a  few  electrical  insulating 
materials  but  of  many,  each  made  by  a  leader  in  his  particular  product  field.  He  is  a 
specialist  in  electrical  insulation.  He  knows  whidi 
product  is  best  suited  for  each  application.  He  and  the 
IC  organization  are  at  your  service  to  give  technical  assistance 
as  well  as  to  see  you  get  what  you  need  when  you  need  it. 


IMC  PRODUCTS 


MacallMi  Mica  Producti— Vartax  Varnished  Ciotht  and  Tapes— Varslot 
Combination  Slot  Insuiotion — Fiberglas  Electrical  Insulation — Manning 
Insuioting  Papers  and  Preuboards— H.  &  V.  Insulating  Papers— Dow  Coming 
Silicones— Oieflex  Varnished  Tubings  and  Saturated  Sleevings— National  Hard 
Fibre  and  Fishpaper — Phertolite  Bakelite— Permacel  Adhesive 
Tapes— Asbestos  Woven  Tapes  and  Sleevings— 
Ininanco  Cotton  Tapes,  Webbings,  and  Sleevings— Pedigree 
Insulating  Varnishes- Wedgie  Brand  Wood  Wedges. 
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terval.  Starting  with  the  switch  in 
position  1,  the  drop  across  the  relay 
charges  Ci  through  the  surge-limit¬ 
ing  resistor  R». 

When  the  switch  is  thrown  to 
position  2,  Ci  starts  to  discharge 
through  the  6V6.  The  gas  tetrode 
is  definitely  cut  off  by  the  high  bias 
from  C„  regardless  of  the  time 
interval  chosen,  and  it  likewise  is 
restored  to  conductance  when  the 
bias  voltage  has  fallen  to  the  value 
at  which  the  plate  takes  control. 
The  resulting  snap  action  on  both 
make  and  break  provides  accurate 
timing.  Neither  the  adjustment  of 
the  relay  nor  the  load  handled  by 
its  contacts  affects  the  timing. 

The  6V6  acts  as  a  variable  re¬ 
sistor  that  transforms  an  ordinary 
0.6-megohm  volume  control  into  a 
variable  resistance  of  many  meg¬ 
ohms,  making  long  time  delays  pos¬ 
sible  with  a  small  value  of  C,.  Both 
grids  of  the  6V6  are  returned  to  the 
negative  side  of  so  that  the  tube 
resistance  is  extremely  high  when 
R^^  is  set  at  maximum,  yet  the  dis¬ 
charge  can  never  be  completely  cut 


Vibration  pickup,  whool  -ipfamoi,  Btroboscopo  lamp  and  oloctronic  amplifior  unit  of  tho 

track  whool  balancor 


B-29  bomber  when  it  was  racing 
up  to  117  miles  per  hour. 

The  instrument  was  desig^d  by” 
M.  S.  Merrill  of  Denver^  Colorado. 


Tho  pickup  coil  oi  tho  whool  balancor  hao 
a^-c  roaiotonco  of  2.200  ohms  ond  an  out¬ 
put  oi  two  Tolts  at  1.200  rpm  with  on  OTor- 
all  omplitudo  oi  0.025  inch 


APPROX.  U. 
28SV  y 


Since  the  2051  grid  is  highly 
negative  during  the  discharge, 
there  is  no  trouble  from  grid  con¬ 
duction  in  that  part  of  the  circuit. 
The  circuit  values  as  shown  provide 
a  time  range  from  0.6  to  120  sec¬ 
onds,  with  a  roughly  logarithmic 
calibration,  so  that  exposure  ratios 
and  errors  of  setting  tend  to  be 
constant  over  much  of  the  range, 
depending  on  the  resistance  taper 


oscillograph  traces 
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Electronic  Timer 

By  Sylvan  H.  Frase 

Minneapolis,  if  inn. 


Fig.  1 — The  relay  in  Uie  timer  circuit  is  of 
the  type  Aat  pulls  in  at  10  ma  and  drops 
out  at  6  ma 


Considerable  experiment  with  va-  time  delays  with  relatively  small 
rious  circuits,  both  published  and  capacitance  and  complete  coverage 
original,  convinced  the  writer  that  of  the  timing  range  with  one  ordi- 
timing  circuits  are  by  nature  obsti-  nary  volume  control  are  provided, 
nate.  In  the  well  behaved  circuit  The  circuit  of  the  timer  is  shown 
finally  developed,  there  is  no  chat-  in  Fig.  1.  This  is  a  backwards  re- 
tering — the  timer  is  inherently  lay  circuit  in  which  the  coil  is  ener- 
stable  over  any  timing  range.  Long  gized  except  during  the  timing  in- 


of  the  control. 

There  is  some  tendency  toward 
self-compensation  for  line  voltage 
variations.  At  any  rate,  deviations 
from  calibration  are  well  within 
the  allowable  tolerance  for  photo- 

(continued  on  p  ISO) 
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insulation 


in  television  seeing  is  believing  .  .  .  and  big  name  makers  of  teievi* 
sion  sets  are  demonstrating  by  superior  performance  that  MYCALEX 
410  molded  insulation  contributes  importantly  to  faithful  televi* 
sion  reception. 

Stability  in  a  television  circuit  is  an  absolute  essential.  In  the  sta> 
tion  selector  switch  used  in  receivers  of  a  leading  manufacturer,  the 
MYCALEX  410  molded  parts  (shown  here)  are  used  instead  of  infe^ 
rior  insulation  in  order  to  avoid  drift  in  the  natural  frequency  of  the 
^  tuned  circuits.  The  extremely  low  losses  of  MYCALEX  at  television 
frequencies  and  the  stability  of  its  properties  over  extremes  in  tem¬ 
perature  and  humidity  result  in  dependability  of  performance  which 
would  otherwise  be  unattainable. 

Whether  in  television,  FM  or  other  high  frequency  circuits,  the 
most  difficult  insulating  problems  are  being  solved  by  MYCALEX  410 
molded  insulation... exclusive  formulation  and  product  of  MYCALEX 
CORPORATION  OF  AMERICA.  Our  engineering  staff  is  at  your  service. 


Specify  MYCALEX  410  for: 

1.  Low  dioloctrk  loss 

2.  High  dioloctrk  strongth 

3.  High  arc  rosi^attco 

4.  SfabilitY  over  wide  humidity  and 

tomporaturo  changes 

5.  Rosislanco  to  high  tomporaturos 

6.  Mochankal  precision 

7.  Mochankal  strength 

8.  Metal  inserts  molded  in  place 

9.  Minimum  service  expense 

10.  Cooperation  of  MYCALEX 
engineering  staff 


MYCALEX  CORP.  OF  AMERfClP^eTfas^ 

"Owners  of  'MYCAtEX'  Patenfs"  : 

fjant  and  General  Offices,  CLIFTON,  N.  J.  Executive  Offices,  30  ROCKEFELLER  PLAZA,  NEW  YORK  20.  N.  Y, 


ELECTRONICS  — 4pri;,  1948 


THE  ELECTRON  ART 

Edited  by  FRANK  RCXaCETT 


SelectiT#  Sequence  Diqitcd  Coihputer  for  Science .  138 

Ineuloton  Thot  Ccm  Ampliiy .  140 

Tubes  Designed  lor  Industry .  172 

Magnetic  Leakage  Evaluated  with  on  Electrolytic  Tank  .  178 

Survey  of  New  Techniques .  186 


Selective  Sequence  Digital  Computer  for  Science 


Electronic  calculators  make  pos¬ 
sible  rapid  solution  of  problems 
that  have  heretofore  been  so  labori¬ 
ous  that  either  their  solutions  have 
not  been  attempted  or  have  re¬ 
quired  much  time  and  effort.  Solv¬ 
ing  problems  requiring  repeated 
computations  of  the  same  equations 
but  for  different  sets  of  values  is  a 
matter  of  routine.  Once  creative 
scientists  have  reduced  physical  or 
social  problems  to  formulas,  this 
remaining  routine  portion  of  the 
solutions  can  be  relegated  to  a  ma¬ 
chine. 

Toward  this  end  of  relieving  sci¬ 
entists  of  the  mechanics  of  compu¬ 
tation  of  extensive  problems,  Inter¬ 
national  Business  Machines  Corp. 
has  built  the  Selective  Sequence 
Electronic  Calculator.  A  staff  of 


mathematicians  headed  by  Dr.  W. 
J.  Eckert,  director  of  the  Watson 
Scientific  Computing  Lab.,  Colum¬ 
bia  .University,  and  the  machine 
are  being  made  available  to  scien¬ 
tists  as  a  computing  service. 

Calculating  Ability 

In  addition  to  having  the  largest 
memory  capacity '  of  any  existing 
calculator,  this  new  machine,  de¬ 
signed  under  F.  E.  Hamilton’s  su¬ 
pervision,  surpasses  its  predecessor, 
the  IBM  Automatic  Sequence  Con¬ 
trolled  Calculator  presented  in  1944 
to  Harvard  University,  in  its  abil¬ 
ity  to  program  its  operations,  giv¬ 
ing  it  250  times  that  calculator’s 
productive  capacity.  Gate  circuits 
enable  the  machine  to  proceed  with 
other  portions  of  a  computation 


while  the  main  portion  is  progress¬ 
ing,  if  the  auxiliary  manipulations 
are  to  be  done  by  unused  channels, 
hence  the  term  “selective  sequence.” 

Both  the  numbers  for  calculation 
and  the  instructions  for  operation 
are  supplied  to  thq  machine  from 
standard  punched  cards.  These 
punchings  are  then  transferred  to 
a  continuous  tape.  Reference  tables 
of  functions,  constants,  and  other 
tabular  data  that  the  machine  will 
need  duriifg  the  problem  are  also 
punched  on  endless  tape  loops. 
Throughout  the  computer  there  are 
66  tape  reading  units  for  various 
purposes.  As  computation  proceeds, 
numbers  and  instructions  are  trans¬ 
ferred  from  the  tape  to  the  bank  of 
21,400  relays.  Final  arithmetical 
operations,  which  are  all  reduced 
to  binary  additions — subtraction 
being  done  by  adding  complements, 
multiplication  by  repetitive  addi¬ 
tions,  and  division  by  repetitive  ad¬ 
ditions  of  complements — are  per¬ 
formed  electronically  by  12,500 
tubes  at  the  rate  of  3,500  additions 
a  second  of  19  digit  numbers. 

The  memory  also  uses  these  four 
elements.  Electronic  storage  (1)  is 
used  fo^  digits  that  must  be  reused 
very  shortly.  Relays  (2)  store  ma¬ 
terial  that  will  be  recovered  as 
needed.  Continuous  tapes  (3)  are 
punched  to  store  numbers  that  will 
not  be  required  until  later.  These 
elements  have  a  combined  storage 
of  400,000  digits.  By  using  punched 


IE  F* 

■ 

Elvctronic  calculator,  put  Into  operation  from  punched  cords,  uses  punched  tapes  for  slowly  moTing  computotions,  relays  for  faster 
operotions,  and  Tocuum  tubes  for  high-speed  manipulations.  Computing  elements  are  oir-condition^  behind  gloss  ponels 
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FM  SIGNAL. GENERATOR 


Tape  202-B  34-2ie  me. 


Additional  coverage  from  0.4 — 25  me 


with  accessory  UNIVERTER  Type  203-B 


Shewn  ebove  i<  an  interim  view  ef  Hie  202-B  Signei  Oenereter  RF 
assembly  with  shield  cever  remeved.  Heovy  aluminum  castings  term 
the  meunting  base  of  this  RF  unit  resulting  in  e  cempect  end  highly 
rigid  structure.  Girder  type  cendenser  frame  censtructien,  muHiple 
rater  sherft  greunding  centects,  and  welded  interstage  shield  plates 
me  but  e  few  ef  the  many  design  features  ef  this  unH  which  give 
added  circuH  stability. 


Designed  to  meet  the  exacting  requirements  set  forth  by  leading  FM  and  television 
engineers  throughout  the  country,  the  202-B  FM  Signal  Generator  has  found  widespread 
acceptance  as  the  essential  laboratory  instrument  for  receiver  development  and 
research  work. 

Frequency  ceverage  frem  54  te  216  megacycles  a  retary  type  switch  for  either  amplitude  er  fre- 

is  previded  in  twe  ranges,  54  te  lOt  megacycles  quency  medulcrtien. 

end  108  te  216  megacycles.  A  frent  panel  medu-  yi,,  calibrated  pisten  type  attenuater  has  a 

loNen  meter  having  twe  deviatien  scales,  0-80  vehage  range  ef  frem  0.1  micreveH  te  0.2  velt  and 

kilecycles  and  0-240  kilecycles,  permits  accurate  ttandardizrtl  by  means  ef  a  frent  panel  output 

medukrtien  settings  te  be  made.  meniter  meter. 

AMieugh  fundamentally  an  FM  instrument,  am-  The  output  impedance  ef  Hte  instrument,  at  Hie 

pIHude  meduloHen  frem  zero  te  50%,  wiHi  meter  terminals  ef  Hie  R.F.  output  cable,  is  26.5  ohms. 

calibroHens  at  30%  end  50%,  has  been  incer^ 

pe^  This  AM  feature  elfers  Increased  versa-  AVAIIABIE  AS  AN  ACCESSORY 

tilify  and  providat  o  maans  by  which  timuHonaout 

frequency  and  amplitude  modulaHon  may  be  is  the  203-B  Univerter,  a  unity  gain  frequency  eon- 

ebtained  through  the  use  of  an  external  audio  verter  which,  in  combinoHen  wlHi  the  202-B  Initro- 

escillater.  ment,  provides  the  additional  coverage  ef  common  ly 

The  internal  AF  escillater  has  eight  mtdulatien  “*•'*  ♦'•H-*"**** 

frequencies  ranging  from  50  cycles  te  1 5  kilecycles,  R.F.  Range:  0.4  me.  to  25  me. 

any  one  of  which  may  be  cenvenienHy  selected  by  _ _  , 

R.F.  Increment  Dial:  ^250  kc.  in  10  Lc. 

increments. 

R.F.  Output:  0.1  microvolt  te  0.1  veh.  Also 
approximately  2  volts  maximum  (un- 
calibre  ted). 

For  further  iefermotioe  wrilo  for  Catalog  C 


BOONTON  RADIO 

BOONTON  NrJ-  U  S  A' V_  V 


UNIVERTER 

Type  203-B 


OeSIGHftS  AND  lOililFACTUItERS  OF  THE  "O’*  METER  .  .  .  OX-CMECKER  ,  .  .  NIOUENCY  MODUkATEO  SIGNAi. 
GENERATOR  .  .  .  BEAT  FREQUENCY  GENERATOR  .  .  .  AND  OTHER  DIRECT  READING  TEST  INSTRUMENTS 
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hind  the  panels,  repairs  can  be 
made  promptly.  The  simplest 
method  of  eliminating  faulty  com¬ 
ponents  has  been  to  give  the  com¬ 
puter  «  run-in  of  several  months. 
The  frequency  of  interruptions  has 
greatly  decreased  during  this  trial 
period. 

Most  of  the  vacuum  tubes  are  op¬ 
erated  as  on-off  switches.  Grids 
are  biased  well  beyond  cutoff.  The 
operating  cycle  consists  of  an  actu¬ 
ating  pulse*  keying  the  tube  on  for 
the  appropriate  duration,  during 
which  digit  pulses  can  trigger  the 
circuit.  Even  if  static  tube  tests 
indicate  low  emission,  it  has  been 
observed  that  some  tubes  will  pro¬ 
duce  strong  output  pulses.  The  cir¬ 
cuits  are  directly  coupled  for  d-c 
response  and  designed  to  pass  up 
to  100  kc.  A  master  tunable  timing 
oscillator  controls  the  basic  pulse 
rate,  usually  set  to  50  kc. 

Heat  developed  in  the  equipment 
is  dissipated  by  an  air-conditioning 
unit  that  maintains  the  incoming 
air  at  50  F  and  the  exhaust  at  95  F, 
and  is  capable  of  handling  200  kw. 
The  calculator  is  divided  into  three 
fire  zones  with  automatic  temper¬ 
ature  detection,  alarm  and  air-con¬ 
ditioning  interlocks.  In  the  event 
of  fire,  CO,  would  be  discharged 
'  into  the  affected  zone. 


MathMnatical  oparottoni  erad  calculator  Computational  roiults  or*  printod  os  ob- 
porformoBCO  or*  monitorod  or  manually  tolnod.  or  con  bo  stored  on  punched  cords 
controlled  from  this  console  for  later  reference 

cards  (4)  as  a  supplementary  stor-  performed  by  a  similar  sequence  of 
age  medium,  the  memory  capacity  punchings,  relays,  and  electronic 
is  made  almost  limitless.  (The  switches.  Thus  each  division  of  the 
count  given  above  for  relays  and  machine  is  continuously  operating 
tubes  included  those  used  for  stor-  at  its  full  capacity  and  the  solu- 
age  and  control  as  well  as  for  com-  tion  fiows  smoothly  through  the 
putation.)  maze  of  interconnections.  Although 

these  connections  provide  the  usual 
mathematical  operations,  40,000 
This  sequence  illustrates  the  multichannel  plug  connectors  are 
basic  philosophy  of  increasing  used  so  that  special  functions  can 
speed  as  the  complexity  of  detail  be  provided  if  required, 
increases.  High  operating  speed  Results  are  printed  either  as 
has  been  built  into  the  machine  on  punched  cards  at  16,000  digits  a 
this  basis.  Cards  are  punched  man-  minute,  or  as  pages  typed  at  24,000 
ually  from  mathematicians’  written  digits  a  minute.  An  auxiliary  unit 
notes.  This  process  is  necessarily  automatically  prints  and  proofreads 
slow,  but  permits  correcting  mis-  results  if  the  results  are  to  be  pub- 
takes  simply.  The  information  at  lished. 
this  level  is  general,  such  as  “multi¬ 
ply  result  of  previous  computation 
by  sine  of  angle  marked  in  next 
column.’’  The  instructions  and  num¬ 
bers,  transferred  by  two  card  read¬ 
ing  units  to  tape  at  30,000  digits 
a  minute,  are  then  passed  from  tape 
to  calculator  at  140,000  digits  a 
minute.  The  relays,  operating  at 
the  next  greater  order  of  speed, 
index  the  tapes  carrying  trigono¬ 
metric  tables  to  the  proper  angle 
and  read  off  the  sine.  The  relay 
memory  will  be  storing  the  results 
of  the  last  computation.  These  two 
banks  of  relays,  one  operated  by  the 
sine  tape,  the  other  acting  as  a 
short-time  memory,  deliver  their 
numbers  to  the  electronic  arithmet¬ 
ical  units,  which  are  essentially  bin¬ 
ary  counters,  where  the  actual  mul¬ 
tiplication  is  done.  During  the  mul¬ 
tiplication,  intermediate  results 
are  stored  in  the  electronic  memory. 

Programming  the  calculator  is 


Operating  Speed 


Insulators  That  Can  Amplify 

Controlling  fiow  and  amplification 
of  electrons  by  bombarding  dia¬ 
monds  (Electronics,  p  144  Dec. 
1947)  and  other  insulators  is  being 
investigated  by  Dr.  K.  G.  McKay  of 


Special  Design  Problems 

The  calculator  requires  180  kw. 
Grid-controlled  gas-tube  electronic¬ 
ally  regulated  power  supplies  pro¬ 
vide  the  various  voltages  that  are 
required.  For  the  most  part,  com¬ 
mon  supplies  are  used,-  decoupling 
being  provided  through  bypass  ca¬ 
pacitors  at  each  stage. 

Experience  with  this  calculator 
has  indicated  that  low-voltage 
heater  tubes  are  generally  more  re¬ 
liable  than  higher  voltage  ones. 
Failure  of  components  including 
tubes  is  difficult  to  anticipate  from 
preliminary  tests.  In  operation,  ca¬ 
pacitors  short,  resistors  change 
value  and  finally  open,  emission 
falls  in  tubes,  or  they  develop 
opens  or  shorts.  With  miniature 
neon  bulbs  throughout  the  com¬ 
puter,  it  is  a  simple  matter  to  locate 
faults  and,  as  everything  is  directly 
accessible  from  the  corridors  be¬ 


Multipl«-aee«l*rator  c>r  tub*  bombards  dia¬ 
monds  to  produc*  high  amplification 


Bell  Telephone  Labs.,  where  the 
phenomena  was  discovered.  The 
technique  may  lead  to  development 
of  new  types  of  electronic  tubes, 

(continued  on  p  172) 
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Anaconda  Type  ATV*  Lead-In  Lines  go  a  long  way 
towards  bringing  perfect  reception  to  television  and 
FM  sets. 

The  effects  of  attenuation  and  impedance  mis¬ 
match  on  reception  are  minimized  by  ATV  lines.  The 
satin-smooth  polyethylene  insulation  of  this  line 
sheds  water  readily  — thus  avoiding  subsequent  im¬ 
pedance  discontinuities.  This  insulating  material 
also  has  high  resistance  to  deterioration. 

Count  on  Anaconda  to  solve  your  high-frequency 
transmission  problems— with  anything  from  a  new 
type  lead-in  line  to  the  latest  development  in  coaxial 
cables.  4MS7 

•R^.  U.8.  Pat.  O®. 


FOR  EVERY  NEED 


Anaconda  ofTers  a  complete  selection  of 
Type  ATV’^  lead-in  lines  for  75,  150  and 
300  ohms  impedance,  unshielded  and 
shielded  lines  of  high  impedance.  For  an 
electrical  and  physical  characteristics 
bulletin,  write  to  Anaconda  Wire  and 
Cable  Company. 


ELECTRONICS  — April,  1948 


1 


NEW  PRODUCTS 


m 

Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
hulletins  and  other  manufacturers^  literature 


commercial  craft  and  moderate¬ 
sized  yachts.  Depths  from  0  to  100 
fathoms  ^re  indicated.  It  may  be 
operated  from  6,  12,  32  or  110  volts 
d-c,  with  a  30-watt  power  drain. 
Price  is  $760. 


antenna  for  two  transmitters  sepa¬ 
rated  by  one  megacycle  in  frequ¬ 
ency.  It  can  also  be  used  to  reduce 
interference  from  a  nearby  station 
in  receivers.  Particularly  designed 
for  the  152-to-162  me  band,  its 
normal  insertion  loss  is  3  db. 


Television  Aligner 

Kay  Electric  Co.,  Pine  Brook,  N. 
J.  The  Mega-Pipper  is  a  new  tele- 


R-F  High  Voltage 

C-B  Mfg.  Co.,  412  West  37th  St., 
New  York  18,  N.  Y.  The  Kilovolter 


Precision  Variable  Resistors 


Technology  Instrument  Corp., 
^  1058  Main  St.,  Waltham  54,  Mass. 

Type  RV  3-5  potentiometer  pre¬ 
cision  variable  resistor  has  an  over¬ 
vision  receiver  production  and  serv-  all  depth  of  lA  inches  and  a  power 
ice  alignment  instrument  that  gives 
four  crystal-controlled  pips  to  es- 
tablish  the 

and  channel  points  on  an 

oscilloscope  when  con  June- 

tion  with  the  Mega-Sweep  or  Mega- 
Match 


delivers  600  microamperes  at  6,000 
volts  d-c  or  1  milliampere  at  4,000 
volts.  Operating  from  the  B  supply 
of  a  receiver,  the  unit  operates  on 
the  r-f  high-voltage  principle.  It 
weighs  2  pounds. 


Cavity 

Motorola,  Inc.,  4545  Augusta  VPIRRHiHHH 

Blvd.,  Chicago  51,  Ill.  A  high-Q 

bandpass  filter  of  the  cavity  reso-  rating  of  5  watts.  The  device  is 
nator  type  allows  use  of  a  single  available  in  nine  standard  resist-  Generator  for  Ultrasonics 

Televiso  Pboducts  Co.,  7466  V 

-  SUntod  EK^els  have  an 

aauracy  of  plus  or  mmua  6  percent.  The  model  U-100  Ultraaon  ul 
, although  an  accuracy  of  plus  or  generator  has  a  power  out 

^  soppl'ed.  of  6  watte  in  the  frequency  ra 
Other  features  are  standard  in  the 


Depth  Sounder 

Trident  Products,  Inc.,  110  W. 
Alameda  St,  Burbank,  Calif.,  an¬ 
nounces  a  new  electronic  depth 
sounder,  the  DS-2  designed  for 
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RAYTHEON  Subnlmafure  Tube  Helps  Moke 
This  New  D^I^APHONE  Electronic  Tran- 
scribingJ^chine  A  Model  Of  Clarity,  Tone 
QualiJ^And  Quick  Action. 


RAYTHEON 

CK510AX 


Actual  Size  —  this  tiny  Raytheon  Subminia¬ 
ture  Tube  Type  CK5 1 0AX  neatly  tucked  away  in 
the  base  of  this  Dictaphone  Model  "BE"  has  a  lot 
to  do  with  the  efficiency,  instant  action  and  com¬ 
pactness  of  this  new  electronic  office  machine. 

One  of  these  Raytheon  Subminiatures  takes 
the  place  of  two  old  style  tubes  and  its  small  size 
results  in  lower  microphohics. 

The  special  design  of  this  tube  simplifies  filter¬ 
ing  of  the  AC  ripple. 


Why  Dictaphono  Corporation  and  many 
other  manufacturers  of  up-to-the-minute  elec¬ 
tronic  equipment  use  RAYTHEON  Subminiature 
Tubes. 

1 .  Increased  Product  Salability.  Raytheon 
filamentary  Subminiatures  are  flat.  Filament 
drain  is  extremely  low.  Product  may  be 
smaller  and  more  convenient  to  use. 

2.  Plug  Into  Standard  Sockets.  All  Ray¬ 
theon  Subminiatures  can  either  be  soldered 
in  or  plugged  into  readily  available  sockets. 

3.  Raytheon  Reliability  the  result  of 
unique  precision  methods  and  nine  years 
continuous  production  of  long-life*  Subminia¬ 
ture  Tubes. 

4.  Readily  Available  From  Stock  —  over 
half  a  million  on  tap  at  all  times.  Over  30 
types.  Standard  throughout  the  world. 

5.  At  Your  Locol  Distributor’s  —  over  three 
hundred  Raytheon  Special  Purpose-  Tube 
Distributors  ready  to  serve  you  quickly  and 
intelligently. 

Write  for  Data  Sheets  on 
Raytheon  Subminiature  Tubes 


Says  Dictaphone  Corporation 


"Because  of  new  electronic  devices  and  skills,  developed 
through  war  research,  it  is  possible  to  offer  vastly  improved 
over-all  reproduction.  This  model  pioneers  in  the  use  of  sub¬ 
miniature  quick-heating  tubes.  The  secretary  can  now  adjust, 
in  all  respects,  the  characteristics  of  the  recorded  voice  to  her 
ear  and  to  her  typing  speed  in  order  to  insure  maximum  ease 
and  comfort  in  transcription." 


RAYTHEON  MANUFACTURING  CO 

SPECIAL  TUBE  SECTION 

NEWTON  58,  MASSACHUSETTS 


Radio  Racaivin9  Tubas  •  Subminiatura  Tubas  .  Spocial  furpota  Tubas 
Microwava  Tubas 
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from '480  to  470  kc.  Model  U-300 
Ultra^on  is  also  described  in  Bulle¬ 
tin  37  which  also  gives  a  history  of 
the  subject  and  an  extensive  bibli¬ 
ography. 


Data  Recorder  System 

Cook  Research  Labs.^  1467  Diver- 
sey  Parkway,  Chicago  14,  Ill.  Model 
CR-6  data  recorder  system  accom¬ 


modates  7  information  channels. 
The  separate  signals  are  fed  into  a 
magnetic  tape  recorder  and  the 
recording  is  later  played  back  into 
a  7-pen  graphical  device  for  visual 
display.  Essentially,  the  equipment 
takes  the  place  of  bulky  recording 
equipment  at  the  point  of  the  test 
and  avoids  the  necessity  for  tele¬ 
metering. 


Hi^h  D-C  Supply 


Conm:nsee  Products  Co.,  1376  N. 
Branch  St.,  Chicago  22,  Ill.  In 
production  are  Hi-Volt  FS-1  and 


PS-2  power  supplies  that  transform 
118  volts  a-c  to  2,400  volts  d-c.  This 
unit  is  particularly  designed  for 
use  in  electronic  photoflash  and 
spectrograph ic  analysis  equipment. 
Model  PS-2  is  for  use  in  radiation 
counters,  oscilloscopes,  and  tele¬ 
vision  receivers.  A  specification 
sheet  can  be  obtained  from  manu¬ 
facturer.  . 


Klystrons 

Sperry  Gyroscope  Co.,  Great  Neck, 
N.  Y.  Type  SRC-8  high-power  re¬ 
flex  klystron  illustrated  generates 
microwave  energy  in  the  band  of 


radio  frequencies  between  6  and  7 
kilomegacycles.  The  SRC-8  series 
is  available  in  100  megacycles  steps 
with  the  exception  of  a  few  benc^ 
oscillators  in  400  megacycle  steps. 


Ultrasonic  Generator 

Piezo  Products  Co.,  Whitney  St., 
Framingham,  Mass.  Modd  A^'SOO 
ultrasonic  generator  has  a  '  fre¬ 
quency  range  of  100  to  30,000  kc  at 
a  maximum  power  output  of  400' 
watta  and  is  furnished  with  three 
quartz  crystal  transducers,  crystal 
holder,  and  oil  immersion  tank. 
Model  B-600  is  similar  in  design 
but  equipped  for  aqueous  immer¬ 
sion.  Details  of  equipment  and 
ultrasonic  engineering  service  are 
available. 

Measuring  Equipment 

Western  Electric  Co.,  196  Broad¬ 
way,  New  York  7,  N.  Y.,  announces 


a  measuring^unit  made  up  of  the 
RA-1268  signal  generator  and  the 
RA-1257  intermodulation  analyzer. 
Signals  of  two  frequencies  are 
added  in  the  signal  generator, 
passed  through  the  device  under 
test,  and  fed  to  the  analyzer  where 
the  percent  intermodulation  is  read 
on  an  electronic  voltmeter. 


Program  Console 

General  Electric  Co.,  Syracuse  1, 
N.  Y.  Type  TC-6-A  program  con¬ 
sole  described  in  specification  RA- 
14111  has  a  desk-like  three-section 


construction  for  program  director, 
video  operator,  and  audio  operator. 
This  position  provides  a  means  of 
coordinating  all  personnel  activ¬ 
ities  in  a  television  program. 


Voice- Activated  Recorder 

Amplifier  Corp.  of  America,  398 
Broadway,  New  York  13,  N.  Y. 
Available  as  optional  equipment  oc 
any  Magnetape  recorder  is  a  voice- 
actuated  instantaneous  start-stop 

(centfiliMd  on  pogo  19t) 
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idle ...  no  waste  production  time  for  the  operator. 

Other  tlme-marerm  g 

I  •  Electrically-controlled  counter  stops  each  head 
upon  completion  of  coil — no  operator  attention 
needed. 

2*  Common  setting  for  all  heads  in  respect  to  wire 
traverse  length  and  number  of  wire  toms  per 


help  a  dock  company 
to  save  production  time 


3*  Traverse  length  and  wire  turns  readily  adjustable 
within  maximum  range — without  changing  cams. 

4.  Steel-strap  control  on  unrolling  tensions  facili¬ 
tates  handling  of  even  finest  wires. 

5.  In-built  calibration  for  recording  settings  for  re¬ 
use. 

B.  Quick-acting  release  on  supply  spindles. 

7.  500  to  2500  R.P.M. 

rite  for  Bulletin  102L.  Universal  Winding  Com¬ 
pany,  P.  O.  Box  1605,  Providence  1,  R.  1. 


On  each  of  these  No.  102 
L  Universal  Coil  Winding  Ma- 

w  chines,  winding  of  non-insulat- 

ed  coils  is  so  scheduled  that 
manual  operations  are  being 
performed  on  one  head  while  the  other  heads  are 
producing. 

Each  machine  has  three  or  six  individually  oper¬ 
ated  heads,  and  coil  output  is  synchronized  on  the 
basis  of  handling  time  per  coil.  No  heads  standing 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

FCC  announcements  on  wired  wireless, 
terrain  proximity  indicators,  and  heat¬ 
ing  frequencies;  12  new  books  out 

Audio  Engineering  Society  Formed 


At  a  nieetingr  held  in  the  RCA 
Victor  recording  studios  in  New 
York  Feb.  17,  the  Audio  Engineer¬ 
ing  Society  was  organized.  The 
session  opened  with  a  brief  talk  by 
acting  chairman  C.  J.  LeBel,  con¬ 
sultant  Norman  C.  Pickering 
then  discussed  the  need  for  a  pro¬ 
fessional  organization  to  foster  the 
growth  of  audio  engineering  by 
means  of  an  exchange  of  knowledge. 

The  first  technical  meeting  was 
held  on  Thursday,  March  11,  at 
7 :30  p.  m.  Harry  F.  Olson  of  RCA 
Laboratories  spoke  on  problems  of 
high-fidelity  reproduction. 

Those  interested  in  joining  the 
national  organization  or  in  forming 


local  sections  should  write  the  act¬ 
ing  secretary,  Norman  C.  Pickering 
of  Pickering  and  Co.,  Inc.,  Ocean- 
side,  N.  Y.,  giving  name,  mailing 
address,  company  affiliation  and 
nature  of  work. 


Dielectric  Heating 
Bibliography 

A  TWENTY-PAGE  annotated  bibliog¬ 
raphy  on  high-frequency  dielectric 
heating  compiled  by  Ralph  A.  Rusca 
of  the  Southern  Regional  Research 
Laboratory,  New  Orleans,  La.,  has 
been  published  by  the  American  In¬ 
stitute  of  Electrical  Engineers,  88 


W.  89th  St.,  New  York  18,  N.  Y.  It 
contains  281  domestic  and  62  for¬ 
eign  references,  a  section  on  do¬ 
mestic  and  foreign  patents,  and  an 
author  index.  Regular  price  is  75 
cents;  to  AIEE  members,  85  cents 
per  copy. 


Midwest  Power  Conference 

Sponsor)  by  the  Illinois  Institute 
of  Technology  with  ttie  cooperation 
of  midwestem  universities  and  local 
and  national  engineering  societies, 
the  Midwest  Power  Conference  will 
be  held  at  the  Sheraton  Hotel  in 
Chicago  on  April  7-8-9. 

Two  sessions  of  interest  to  elec¬ 
tronic  engineers  on  Friday  April 
9  are: 

10:80  a.m. — Power  and  Control. 
Chairman:  A.  H.  Wing,  Chairman 
of  the  Electronics  Group,  Chicago 
Section,  AIEE. 

Circuit  Principles  of  Industrial  EHec- 
tronic  Control,  by  Walter  Richter  of  Allls- 
Chalmers  ManufacturlnK  Co.,  Mllwauke« 

Rectifier  Power  Supplies  from  D-C 
Systems,  by  C.  R.  Marcum  of  Westing- 
house  Electric  Corp.,  East  Pittsbursh. 

Electronically  Controlled  Variable-Sp^ 
Drives,  by  Ma^n  M.  Morack  of  Q.  E. 

2 :00  p.m. — Supervisory  Control 
and  Telemetering.  Chairman:  E. 
H.  Schulz  of  the  Armour  Research 
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ADLAKE 

No.  1045  RELAY 
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For  reliable  circuit  control — when  sensitive  action  is 
at  a  premium,  you  can  depend  on  the  new  Adlake 
#1046  (Quick- Acting)  Relay. 

Along  with  sensitivity  and  quick  action,  #1045  gives 
you  the  other  advantages  that  make  Adlake  Relays 
ideal  in  hundreds  of  convenient  applications; 


•  Hermetically  sealed  (dust,  dirt,  moisture,  oxidation  and 
temperature  changes  can't  interfere  with  operation) 

•  Compression-type  terminals  simplify  installation 

•  silent  and  chatterless  •  requires  no  maintenaiKe 

•  absolutely  safe  •  cushioned  against  impact  and  vibration 


USES: 

•  temperature  regulation 
e  precision  instrument  control 
e  photoelectric  apparatus 
e  signals  and  indicators 
e  refrigeration  control 
—and  a  host  of  others 


The  #1046  Relay  is  especially  designed  for  use  with 
sensitive  thermo  regulators. 

For  any  type  of  job,  specify  Adlake  Relays — you 
can  always  depend  on  them.  For  full  details  write 
today  to:  Adams  &  Westlake  Company,  1107  N. 
Michigan,  Elkhart,  Indiana.  No  obligation,  of  course! 


Established  1857  •  ELKHART,  INDIANA  •  New  York  •  Chicago 


Manufacturers  of  Hermetically  Sealed  Mercury  Relays  for  Timing,  Load  and  Control  Circuits 
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RECORDING  FOR  HOME  FOLKS 
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Seond  recording  room  ia  Houm  ofilco  building,  on*  of  firo  such 
studloo  OToUablo  to  lowmokort  for  obioctlTo  ipoochot.  About  175 
tonerton  cmd  congroMmon  medio  wookly  rocordlngo 


Sonerton  roeord  a  round  toblo  dlocu—ion  In  Washington  studio  for 
broadecut  over  radio  stations  In  thoir  homo  districts.  Lawmakers 
pay  $3  for  ooch  IS-minuto  transcription 


Foundation  of  Illinois  Institute  of 
Technology. 

Telemetering  of  Power,  Reactive  Powt  r, 
and  Similar  Quantities,  by  Nathan  Cohn 
of  Deeds  and  Northrop  Co.,  Chicago. 

Telemetering  Channels,  by  R.  J.  Don¬ 
aldson  of  •  Commonwealth  Bdison  Co., 
Chicago. 

Supervisory  Control,  by  A.  P.  Peterson, 
president  of  Control  Corporation.  Minne¬ 
apolis. 


Radio  Parte  Show  Sellout 


Terrain  Proximity  Indicators 

Temporary  authorization  for  the 
420-  to  460-mc  band  was  given  to 
aeronautical  navigational  altime¬ 
ters  by  the  Federal  Communications 

((continued  on  page  2M) 


Wired  W  ireless  Rules 


Present  FCC  rules  on  such  low- 
power  apparatus  as  phono  oscilla¬ 
tors,  wired  wireless,  and  broadcast 
carrier-current  equipment  are  un¬ 
der  consideration  for  revision. 
Since  adoption  of  these  rules  in 
1938,  stipulating  essentially  that 
the  r-f  electromagnetic  field  shall 
not  exceed  16  p-v  per  meter  at  a  dis¬ 
tance  in  feet  equal  to  157,000-^fre- 
quency  in  kc,  the  r-f  spectrum  has 
become  still  more  congested.  To 
keep  essential  radio  services  free 
from  objectionable  interference,  op¬ 
erators  and  manufacturers  of  de¬ 
vices  intended  to  come  within  ex¬ 
isting  low-power  rules  have  been 
warned  to  comply  with  existing 
regulations  and  to  expect  consider¬ 
ably  more  stringent  regulations 
soon. 


IndicatlBg  that  all  exhibit  boothi  for  the  Chicago  Ports  Show,  May  11-14,  have  been 
allotted,  Charles  GolenpauL  president  (right)  and  Kenneth  C.  Prince,  manager,  hang 
*  out  SRO  idgn 


MEETINGS 


MARCH  22-25:  IRE  Convention  and 
Radio  Engineering  Show,  Hotel 
Commodore  and  Grand  Ontral 
Palace,  New  York  City. 

MARCH  29-30:  AIEE  conference 
op  electron  tubes  for  instrumenta¬ 
tion  and  industry.  Benjamin 
Franklin  Hotel,  Philadelphia,  Pa. 

APRIL  1-3:  AIEE  Great  Lakes  Dis¬ 
trict  Meeting,  Des  Moines,  Iowa. 

APRIL  7-9:  Midwest  Power  Con¬ 
ference,  Sheraton  Hotel,  Chicago, 
Illinois.  Three  papers  on  super¬ 
visory  control  and  telemetering  at 
2  pan.  April  9. 

APRIL  17:  IRE  Engineering  Con¬ 
ference,  Chicago  S^tion,  lUinois 
Institute  of  Technology,  Chicago. 

APRIL  24:  Spring  Technical  Con¬ 
ference  of  IRE  Cincinnati  Sec¬ 
tion,  featuring  television  papers,  at 
Engineering  Society  Headquarters. 

APRIL  26-^:  IRE-RMA  spring 
meeting  on  transmitters,  Syracuse 
Hotel,  Syracuse,  N.  Y. 

APRIL  28-30:  AIEE  North  Eastern 
District  Meeting,  New  Haven, 
Conn. 

MAY  3-5:  DRSI-IRE  joint  meeting, 
Washington,  D.  C. 

MAY  9-14:  1948  Radio  Parts  Show, 
Hotel  Stevens,  Chicago. 


MAY  11-16:  Engineering  Progress 
Show,  Franklin  Institute,  Phila¬ 
delphia,  Pa.:  exhibits  and  two 
evening  lectures. 

MAY  22:  Second  New  England  Ra¬ 
dio  Engineering  Meeting,  spon¬ 
sored  by  North  Atlantic  Region  of 
IRE,  at  Hotel  Continental,  Cam¬ 
bridge,  Mass. 

JUNE  21-25:  51st  annual  meeting  of 
the  American  Society  for  Testing 
.Materials,  at  Detroit,  Michigan. 

JUNE  21-25:  AIEE  Summer  Gen¬ 
eral  Meeting,  Mexico  Qty,  Mexico. 

-AUG.  24-27:  AIEE  Pacific  General 
Meeting,  Spokane,  Wash. 

SEPT.  13-17 :  Third  Instrument  Con¬ 
ference  and  Exhibit,  Convention 
Hall,  Philadelphia,  Pa. 

SEPT.  27-Oct-  2:  Third  National 
Plastic  Exposition,  Grand  Cen¬ 
tral  Palace,  New  York  City. 

SEPT.  30-OCT.  2:  Pacific  Electronic 
Exhibition  and  IRE  west  coast 
Annual  Convention,  Biltmore  Ho¬ 
tel,  Los  Angeles,  Calif. 

OCT.  5-7 :  AIEE  Middle  Eastern  Dis¬ 
trict  Meeting,  Washington,  D.  C. 

OCT.  11-12:  FM  Association  Second 
.Annual  Convention,  Sheraton 
Hotel,  Chicago. 
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Whatever  the  application— if  it’s  a  problem  of  con* 
verting  a*c  to  d*c— there’s  a  Westinghouse  Rectifier  to 
do  the  job.  And  whatever  the  problem,  Westinghouse 
engineers,  with  a  background  of  more  than  20  years 
in  the  development  and  application  of  rectifiers,  can 
offer  you  the  best  possible  solution. 

Manufacturing  limitations  can  be  met— maintenance 
problems  avoided  —  control  problems  simplified  — 
with  the  Westinghouse  complete  range  of  all  types  of 
rectifiers  from  which  to  select.  Take  advantage  of  this 
broad  background  of  help  on  your  rectifier  problems 
—outline  your  requirements  to  your  Westinghouse 
representative  or  write  for  further  information — 
Westinghouse  Electric  Corporation,  P.  O.  Box  868, 
Pittsburgh  30,  Pa.  j-2i42i 


SELENIUM  .  .  .  providing  a  dependable, 
economical  source  of  d-c  power  where 
small  size  and  minimum  weight  are 
prime  factors.  Westinghouse  Selenium 
Rectifiers  are  the  result  of  more  than  nine 
years  of  continuous  research. 

ELECTRONIC  TUBES  .  .  .  Westinghouse 
'  Phanotron,  Thyratron,  Kenotron,  Igni- 
tron  and  other  types  of  tubes  meet  the 
requirements  of  such  varied  applica¬ 
tions  as  radio  transmitters,  speed  con¬ 
trols,  resistance  welding  control  and 
x-ray  equipment. 


1RECTOX  .  . .  for  dependability  and  long 
^  life.  Original  Rectox  Copper-Oxide  units 
installed  20  years  ago  are  still  in  use 
today  ...  a  service  record  not  duplicated  , 
by  any  other  metallic  rectifier. 


TUBES  AT  WORK 
(cMtiniMd  froM  p  134) 
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Out  of  the  deepest  silence... 


...comes  the  finest  in  sound 

fHB 

Here  at  Bell  Telephone  Laboratorieg,  in  one  of  the  most  completely 
noise-deadened  rooms  in  the  world,  the  microphone  hears  .  .  .  and 
passes  on  to  delicate  frequency-response  recorders ...  no  sound  ex¬ 
cept  the  voice  of  the  Western  Electric  757.4  Loudspeaker.  A  two-foot 
masonry  shell  shuts  out  all  external  noise.  Walls  of  wedge-shaped 
cages— glass-wool-filled— absorb  sound  completely.  A  “floor”  of  steel 
strands  reflects  no  sound. 

The  recorded  frequency-response  charts  confirm  the  evidence  of 
all  other  tests— that  the  7.57A  attains  the  finest  in  sound! 

Highest  quality,  high  efficiency,  frequency  response  from  60  to 
15,000  cycles,  30-watt  power  capacity  . . .  the  757A’s  unique  combina¬ 
tion  of  these  features  is  matched  by  no  other  speaker  on  the  market. 
The  757A  more  than  meets  the  requirements  of  even  the  finest  audio 
system  for  broadcasting  and  sound  distribution. 

For  early  delivery  you  should  get  your  order  in  now.  Call  your 
local  Graybar  Broadcast  Representative  or  write  Graybar  Electric 
Co.,  420  Lexington  Avenue,  New  York  17,  N.  Y. 

Western  Electric 

-QUALITY  COUNTS- 


^GrayBaR 

OMICO  w  *»  MWCIfSi  CIW 


DBTRtBUTOISi  IN  THR  U.  S.  A.— Graybar 
Electric  Company.  IN  Canada  and 
NKWFOUNDiJtND — Northern  Electric 
Company,  Ltd. 


I  FIG.  2 — Tima  intarrals  from  0.5  to  120  sac- 
j  onds  ara  proridad  by  this  timar 

i  graphic  work.  In  the  model  con¬ 
structed,  they  have  been  almost  un¬ 
detectable. 

The  transformer  in  the  complete 
unit  shown  in  Fig.  2  is  huskier  than 
necessary.  It  need  deliver  only  about 
20  milliamperes  at  about  250  volts, 
plus  filament  current.  The  current- 
limiting  resistor  iJ,  could  be  dis¬ 
pensed  with  if  a  lower  voltage 
transformer  were  used.  However, 
the  additional  voltage  drop  across 
this  resistor  would  be  useful  for 
increasing  the  time  delay  if  desired. 

The  double  outlet  shown  in  the 
photograph  has  a  split  bus  so  that 
;  a  dark-room  safelight  can  be  turned 
on  by  the  relay  between  exposures, 
i  A  self-starting  electric  clock  with 
i  a  sweep  second  hand,  plugged  into 
I  the  enlarger  outlet,  is  helpful  in 
I  the  calibration  process. 

Coustruction  of  Shielded 
Room  in  VHF  Field 

By  Cfxil  C.  Pine 

Sperry  Oyroacope  Company 
Great  Keck,  Kew  York 

Present-day  development  of  vhf 
and  uhf  equipment  necessitates  th(' 
modernizing  of  the  conventional 
screened  room.  In  fact,  an  ordinary 
double  or  triple  shielded  room  uti¬ 
lizing  copper  or  galvanized  iron 
mesh  is  ineffectual  when  subject  to 
interference  such  as  that  caused 
by  uhf  radiations  of  extremely  high 
peak  power. 

The  shielded  room  to  be  described 
was  the  outgrowth  of  an  effort  to 
provide  a  means  for  testing  radio 
direction-finding  equipment  under 
conditions  of  very  severe  local  dis- 
'  turbances,  and  to  date  it  has  proved 
j  adequate  in  all  respects. 

1  The  first  requirement  in  aligning 
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Armco  Thin-Gage  Electric  Steel — a 
war-bom  development  of  Armco  Re¬ 
search — is  making  its  mark  in  the 
development  of  magnetic  cores  for 
television,  radar,  sonic  detection,  and 
many  other  high-frequency  devices. 

Whenever  applications  involve 
changes  in  magnetic  flux  equivalent 
to  frequencies  from  400  to  as  high  as 
1,000,000  cycles  per  second,  this  steel 
has  five  definite  advantages: 

1.  Supplied  in  coils  suitable  for 


high-speed  punching  operations  or 
for  winding  into  cores. 

2*  Skin-effect  does  not  become  ap¬ 
preciable  at  high  frequencies  because 
thicknesses  as  light  as  1  or  2  mils  are 
obtainable. 

3«  Ginsidering  the  gage  and  insu¬ 
lation  on  both  sides,  the  stacking  fac¬ 
tor  is  high.  Four  hundred  sheets  of 
.002-inch  insulated  steel  make  a  stack 
only  1  inch  high. 


new  surface  treatment  developed  by 
Armco,  effectively  insulates  each  lam¬ 
ination  and  assures  minimum  inter¬ 
lamination  loss. 

5«  Hysteresis  is  unusually  low  for 
such  thin  steel. 

Write  us  for  further  information 
pertaining  to  your  specific  products. 
Just  address  The  American  Roiling 
Mill  Company,  208  Curtis  Street, 
Middletown,  Ohio. 


4*  Carlite  Insulation,  formed  by  a  export:  the  armco  international  corporation 


armco  electrical  steels 
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TUBES  AT  WORK  (cenHnMd, 

and  testing  automatic  d-f  equip¬ 
ment  is  to  provide  a  means  of  coup¬ 
ling  a  signal  of  known  field  strength 
into  the  loop  and  vertical  antenna 
input  circuits.  This  must  be  done 
in  a  manner  simulating  ideal  field 
conditions  and  should  be  free  from 
all  uncontrollable  factors  such  aa 
variation  of  field  strength  or  inter¬ 
ference  from  unwanted  signals. 

The  elimination  of  interfering 
signals  is  usually  accomplished  by 
employing  a  combined  system  of 
shielding  and  filtering.  The  test 


ELECTRONIC  TRAFFIC  COP 
DEFIES  CORROSION  with 

acetate  backed  ''Scotch”  Electrical  Tape 


Electrolytic  Condensers  which  regulate  the  flow  of  current 
through  electronic  circuits  ore  comparable  to  traffic  police;  they 
prevent  current  traffic  jams  and  tie-ups.  The  more  thoroughly  these 
condensers  are  protected  against  electrolytic  corrosion,  the  less 
danger  there  is  of  operational  interruptions.  "SCOTCH”  Acetate 
Film  Tape  No.  6  is  highly  corrosion  resistant.  That  is  why  it  is  used 
so  successfully  to  hold  the  layers  of  aluminum  foil  and  tissue  in  a 
tight  roll  prior  to  impregnation.  "SCOTCH"  Acetate  Film  Cloth 
Tape  No.  9,  extremely  high  in  corrosion  resistance,  is  in  use  in 
thousands  of  electrolytic  condensers  as  a  protective  wrap  around 
the  condenser  at  the  terminal  connections  to  provide  insulation. 
It  pays  off  in  the  practical  elimination  of  electrolytic  corrosion, 
greatly  increased  service  life,  and  the  reduction  of  service  inter¬ 
ruptions  in  radio,  television,  and  other  electronic  circuits. 

If  you  have  an  insulation  or  electrolytic  corrosion  problem, 
remember,  there  are  forty  different  constructions  in  the  "SCOTCH”. 
Electrical  Tape  line;  among  them  is  sure  to  be  the  answer  to  what¬ 
ever  insulation  problem  may  be  bothering  you. 

Write  today  outlining  your  problem;  our  Technical  Service 
Department  will  tackle  it  at  once  and  go  all-out  to  serve  you. 

/f  _ 


Filter  box  located  on  the  outside  wall  of  the 
shielded  room.  The  three  microwore  fil¬ 
ters  are  insulated  from  the  box  by  tubing 


room  is  generally  constructed  with 
either  two  or  three  shields  consist¬ 
ing  of  wire  mesh  or  copper  foil 
spaced  from  two  to  four  inches 
apart  and  connected  together  at 
but  one  point.  This  technique  nor¬ 
mally  attenuates  any  radiation  ex¬ 
terior  to  the  room  from  60  to  100  db. 
However,  any  r-f  voltage  superim¬ 
posed  on  the  power  lines  leading 
into  the  room  will  be  radiated  in¬ 
side  the  room  and  cause  trouble. 
An  r-f  filter  consisting  of  chokes 
and  capacitors  interposed  between 
the  power  line  and  the  load  is  gen¬ 
erally  considered  an  adequate  means 
of  eliminating  interference  from 
this  source. 

An  ordinary  pi  network  consist¬ 
ing  of  two  0.5  ju,f  and  two  r-f  line 
chokes  placed  in  the  pov.^er  lines 
leading  into  the  screened  room  was 
of  little  value  when  the  lines  exter¬ 
ior  to  the  room  were  subject  to  bom¬ 
bardment  from  a  pulsed  uhf  source. 
A  test  receiver  connected  to  the 
bench  conduit,  and  even  to  points 


BRAND  ^ 

ACETATE  FIBER  AND  ACETATE  FILM  CLOTH  BACKING 


PRODUCT 
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Do  you  know  the 

COLD  FACTS 

about  G-E  Silicones? 


/  • 


6 


JLver  hear  of  an  oil  that  will  still  pour 
even  when  the  temperature  drops  to 
—ISO  F?  At  General  Electric  we’re  manu¬ 
facturing  such  an  oil.  It  is  known  as 
G-£  silicone  oil  and  it  has  some  mighty 
interesting  uses. 

For  example,  manufacturers  of  strato- 
liners— high-altitude  transports  that 
speed  through  the  extremely  cold  upper 
levels  of  air— will  find  General  Electric 
silicone  oil  to  be  excellent  for  use  in 
hydraulic  systems.  With  silicone  oil  act¬ 
ing  as  the  hydraulic  fluid,  plane  builders 
can  guard  against  the  danger  of  “frozen” 


landing  gear  and  wing  flaps,  despite  sub¬ 
zero  temperatures. 

If  you’re  interestetl  in  a  gasket  mate¬ 
rial  which  is  remarkably  resistant  to 
extreme  cold,  we  suggest  you  investigate 
General  Electric  silicone  rubber.  This 
unusual  material  retains  its  stability  and 
elasticity  at  a  thermometer  reading  as 
low  as  —70  F. 

In  addition  to  their  resistance  to  ex¬ 
tremely  low  temperatures,  silicone  oil 
and  silicone  rubber  defy  very  high  heat. 
Silicone  rubber  remains  unchanged  at 
5*0  F;  silicone  oil  won’t  ignite  at  575  F. 


.\nother  product  of  G-E  silicone  re¬ 
search  has  most  unusual  moisture-repel¬ 
lent  properties.  This  is  G-E  dri-film* 
water-repellent  material.  It  is  finding 
interesting  uses  in  treating  textiles, 
glass,  ceramics,  plastics,  and  paper. 

WANT  TO  KNOW  MORE  ABOUT  G-E  SILI¬ 
CONES?  There’s  more  to  know  and  there 
are  many  more  uses  for  these  amazing 
products.  Why  not  drop  us  a  line.  Let  us 
discuss  your  particular  production  prob¬ 
lem  with  you.  Chemical  Department, 
General  Electric  Company,  Pittsfield, 
Massachusetts. 


ELECTRON  ICS  —  April,  1948 


153 


■3I29£I!]H2SEni!2jlZ9 

ENGINEERING  •  DESIGNING  •  M /I  N  U  F  A  C  T  U  R  I  N  G 


TUIES  AT  WORK  (comMiimeI) 

along  the  internal  shield,  registered 
interference  over  most  of  the  fre¬ 
quency  band  for  which  the  room 
was  to  be  used. 

Another  interesting  fact  was  re¬ 
vealed  when  tests  were  made  in  a 
room  triply  shielded  with  i-inch 
galvanized  mesh.  Here  a  small  loop 
connected  to  the  test  receiver  could 
be  used  to  take  a  bearing  on  the 
source  of  external  interference  al¬ 
though  the  generating  equipment 
was  enclosed  in  another  triple 
shielded  room  some  distance  away. 

Conatruetion 

Some  of  the  more  particular  as¬ 
pects  considered  in  the  construction 
of  the  new  room  are  the  methods  of 
obtaining  sufficient  shielding  and 
filtering.  To  obtain  a  high  degree 
of  attenuation,  three  shields  are 
used.  The  outer  shield  consists  of 
i-inch  galvanized  mesh,  the  second 
or  center  shield  is  a  graphite-im¬ 
pregnated  cloth,  and  the  inside  of 
the  room  is  lined  with  copper  foil 
which  forms  the  third  or  inner 
shield.  The  outer  and  inner  shields 
are  connected  together  at  one  point, 
the  neutral  leg  of  the  power  line. 

The  center  shield,  consisting  of 
the  graphite-impregnated  cloth,  is 
used  to  attenuate  the  uhf  leakage. 
This  material  is  extensively  used 
for  its  ability  to  absorb  any  high 
frequency  energy  that  terminates 


SWITCHES 


in  Spncial,  Low  Contact  Rtsistonct  Dosigns 

Shallcross  Switches  are  a  natural  out¬ 
growth  of  our  own  need  for  finely  made, 
specially  designed,  low  contact  resistance 
units  for  a  wide  variety  of  exacting  instru¬ 
ment  and  other  applications.  Solid  silver 
contacts  and  contact  arms  assure  highest 
conductivity,  avoid  danger  from  wear,  and 
guard  against  corrosion.  Up  to  180  contacts 
can  be  supplied  on  a  single  switch.  Single 
or  multiple  sections  as  required.  Although 
many  standard  types  are  available,  most 
switches  supplied  by  us  are  special  adapta¬ 
tions  or  unique  designs  to  meet  special 
needs.  WRITE!  Send  today  for  technical 
literature  on  Shallcross  switches.  Put  your 
problems  up  to  Shallcross  switch  engineers 
for  quick,  economiced,  efficient  solutions. 


WALL  stringer 


GRAPHITE  IMPREGNATED 
CLOTH 

MASONITE 
COPPER  FOIL 


wainscoting 


floor  covering 


FLOOR 


FLOOR  BEAM 


WIRE  MESH 


FIG.  1 — An  expanded  riew  oi  a  portion  oi 
the  shielded  room  showing  constructional 
details 


upon  it,  and  is  here  used  as  a  fioat- 
ing  shield  which  merely  acts  to  dis¬ 
sipate  the  currents  flowing  in  it 
rather  thdn  conducting  them  to  a 
common  ground  point  as  is  the  case 
with  the  other  two  shields.  Fig.  1 
gives  a  general  illustration  of  the 
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Skillful  engineering,  highest  quality  materials,  latest  production  tech 


niques,  and  careful  workmanship  are  combined  in  SNC  transformers  to 


give  you  perfea  installations 


imum  of  rejects  .  .  .  outstanding 


performance! 


We  invite  your  inquiry  on 
custom  made  units  foi 
industrial,  application. 


Get  this  easy-to-read  cat¬ 
alog  from  your  distributor 
—or  write  to  factory  direct. 


WEST  LAKE  AVE.NEAR  LEHIGH  •  GLENVIEW,  I 

EXPORT  DEPARTMENT,  308  W.  WASHINGTON  STREET.  CHICAGO  6,  ILLINOIS,  U.SA 
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Opecially  developed  for  recording  in  flight,  the 
TiTE  Si 2- A  OSCILLOGRAPH  and  the  TYPE  OA-2  GAL- 
VANOMETER  are  ideal  for  operation  under  acceleration 
or  vibration. 

The  TYPE  S12-A  OSCILLOGRAPH  is  a  complete 
instrument  with  internal  governor  motor,  gear>drivcn 
record,  timing  device,  record  numbering,  automatic 
record-length  control,  and  record  footage  indicator. 
Rigid  cast  aluminum  case  has  carrying  strap,  measures 
only  ten  inches  wide  by  18  inches  long,  and  weighs 
only  35  pounds. 

Fully  described  in  Technical  Bulletin  SP>167  A 

The  TYPE  OA-2  GALVANOMETER  can  be  sup- 
plied  in  66  different  combinations  of  sensitivity  and 
natural  frequency,  for  accurate  recording  up  to  6000 
cycles  per  second.  The  OA-2  is  the  only  galvanometer 
suitable  for  use  under  extreme  vibration  or  acceleration. 

Fully  described  in  Technical  Bulletin  SP-1 56  A 

The  TYPE  MRC-12  STRAIN  GAGE  CONTROL 
UNIT  is  the  smallest  complete  six-channel  static- 
dynamic  strain  gage  amplifier  and  balancing  unit  in 
existence.  Complete  with  carrying  strap,  batteries, 
six  amplifiers,  six  balancing  boxes,  and  2000-cycle 
oscillator,  the  MRC*12  weighs  only  42  pounds. 

Fully  described  in  Technical  Bulletin  SP>177  A 


INSTRUMENT  COMPANY. 
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TUBES  AT  WORK  (coeHnued) 

construction  carried  on  throughout 
the  room. 

The  framework  of  the  room  is 
constructed  of  well-seasoned  2  by  3- 
inch  members,  the  exterior  of  which 
is  covered  with  the  galvanized 
mesh.  The  impregnated  cloth  is 
glued  to  the  back  of  tempered  ma¬ 
sonite  sheets  which  in  turn  are 
nailed  to  the  inside  of  the  frame¬ 
work  to  form  the  walls,  floor  and 
ceiling.  The  joints  in  the  cloth 
backing*  are  overlapped  to  form  a 
continuous  shield,  and  all  nails  used 
in  securing  the  masonite  are  coun¬ 
tersunk. 

Copper  foil  is  cemented  to  the 
masonite  with  a  heavy  Bostick 
cement.  All  panelling,  light  fix¬ 
tures,  and  other  supported  items 
are  held  in  place  by  small  angle 
strips  which  are  soldered  directly 
to  the  copper  foil. 

Inasmuch  as  the  shielding  must 
be  continuous  throughout  the  en¬ 
tire  surface  of  the  room,  the  door  is 
constructed  in  a  similar  manner  and 
is  provided  with  special  metal  strip¬ 
ping  which  assures  a  good  bond  to 
the  respective  shields.  Ventilating 
holes  cut  through  the  copper  and 
cloth  shields  are  covered  with  fine 
copper  mesh. 

Filtering 

A  special  microwave  line  filter  is 
used,  in  conjunction  with  the  more 
conventional  types,  to  obtain  a  high 
degree  of  attenuation  over  the  en- 


LOAO 


INNER  SHIELD 


OUTER  SHIEI 


CENTER  SHIELD 


FIG.  2 — Schematic  diagram  oi  oU-wave 
filter  eyitem.  The  cylindrical  forms  in  the 
center  represent  the  microwaTe  filters 


tire  r-f  spectrum.  Figure  2  shows 
the  circuit  arrangement. 

The  first  filter  section  consists  of 
a  pi  network  utilizing  0.5-/if  oil- 
filled  capacitors  and  low-frequency 
chokes  and  is  installed  in  a  copper- 
clad  box  mounted  on  the  outside  of 
the  room.  The  second  section 
makes  use  of  the  microwave  filters, 
which  are  placed  in  each  leg  of  the 
power  line  (including  the  neutral 


ELECTRONICS 


in  telephone  coaxial  cable 


•  HOW  POLYTHENE  IS  USED 
FOR  COAXIAL  UNIT  INSULATION 


Discs  msasuring  approximotaly  O.D.  or*  pvnchsd 
from  sliMt  polyliMn*.  Csnisrs  ora*  also  pwnchod  to 
III  conlor  conductor. 


Polythono  insulating  discs  aro  Hion  slit  from  porimo- 
tor  to  contor  to  pormit  thorn  to  bo  ossomblod  on  tho 
innor  conductor. 


minimizes  power  losses  in  high-frequency 
signal  transmission 


Discs  aro  mountod  on  coppor  innor  conductor  wiro. 
Polythono  permits  easy  installation,  yot  doesn’t  buckle 
under  stress. 


For  the  Bell  System’s  construction  program,  Western 
Electric  is  producing  thousands  of  miles  of  coaxial 
cable,  much  of  it  using  insulation  discs  of  Du  Pont 
polythene  in  the  coaxial  units— as  many  as  506,000 
discs  per  mile  in  a  typical  cable. 

The  excellent  electrical  properties  of  Du  Pont 
polythene  which  make  it  adaptable  to  this  type  of 
insulation  are  these:  piolythene  has  a  low  dielectric 
constant  (2.3).  Its  low  power  factor  makes  it  a  supe¬ 
rior  insulator — reduces  shimt  losses  to  about  1/12 
those  present  with  materials  formerly  used.  In  addi¬ 
tion  polythene  has  excellent  strength  and  resistance 
to  aging.  From  the  manufacturer’s  viewpoint,  it’s 
modest  in  cost,  easy  to  fabricate,  and  is  flexible 
enough  to  permit  quick  assembly  on  the  inner  wire. 

Whenever  your  problem  is  wire  and  cable  insula¬ 
tion,  look  first  for  your  answer  at  t^  properties  of 
Du  Pont  POLYTHENE.  Write  us  now  for  more  infor¬ 
mation.  Have  it  in  your  files  for  quick  reference. 
E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Plastics  De¬ 
partment,  Room  144,  Arlington,  N.  J. 
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Outor  conductor  of  coppor  lapo  Is  formod  Into  tubs 
around  innor  conductor  and  bound  with  stool  lapo, 
forming  complotod  coaxial  unit. 


TAiNvMt  I  tR."  irt  KidR  Tof  openi^n  w 
or  vibration. 

The  TYPE  S12.A  OSCILLOGRAPH  i 


F%lterim§ 

A  special  microwave  line  flter  a 
used,  in  conjonction  with  the  dor 
conventional  types,  to  obtain  a  lost 
decree  of  attenuation  over  the  o- 


Rigid  cast  aluminum  case  has  carr)Hng  strap,  measures 
only  ten  inches  wide  by  18  inches  long,  and  weighs 
only  35  pounds. 

Fully  duscn'bud  in  Tuchnical  Bullutin  SP>167  A 

The  TYPE  OA.2  GALVANOMETER  can  be  sup- 
plied  in  66  different  combinations  of  sensitivity  and 
natural  frequency,  for  accurate  recording  up  to  6000 
cycles  per  second.  The  OA-2  is  the  only  galvanometer 
suitable  for  use  under  extreme  vibration  or  acceleration. 
Fully  duicribtd  in  Tuchnieol  BuliuHn  SF-IS6  A 

The  TiTE  MRC-12  STRAIN  GAGE  CONTROL 
UNIT  is  the  smallest  complete  six-channel  static- 
dynamic  strain  gage  amplifier  and  balancing  unit  in 
existence.  Complete  with  carrying  strap,  battenes, 
six  amplifiers,  six  balancing  boxes,  and  2000-cycle 
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I  TUBES  AT  WORK  (conHoutd) 

I  leg).  These  filters  form  the  con¬ 
necting  means  from  the  outer  box 
to  the  interior  of  the  room.  Inside 
;  the  room  is  another  copper-clad  box, 

I  in  which  is  located  a  third  filter 
I  section  consisting  of  0.5-/if  oil-filled 
capacitors  and  high-frequency 
chokes. 

As  shown  in  Fig.  2,  the  outer  and 
inner  shields  are  connected  together 
,  by  means  of  the  neutral  wire 
1  through  .one  of  the  microwave 
I  chokes.  A  more  detailed  illustra- 
I  tion  of  the  microwave  choke  is 
j  given  in  Fig.  3. 

I  A  test  receiver  placed  in  a  room 
{  of  the  type  described  was  unable  to 


Measuring,  preforming,  preheating,  molding  —  the  four 
functions  of  molding  thermosetting  plastics  combined  in 
one  machine!  A  development  of  the  Rockford  Machine 
Tool  Co.,  oil  movements  ore  hydraulically  powered,  elec¬ 
trically  controlled  .  .  .  automatically  timed  through  the 
complete  operating  cycle. 


FIG.  3 — DtttaiU  oi  the  microwave  filter 


detect  any  type  of  interference  over 
the  entire  band  from  200  to  1,600 
kilocycles;  although,  by  opening 
the  door  by  as  much  as  one-eighth 
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signal  transmission 


For  the  Bell  System’s  construction  program,  Western 
Electric  is  producing  thousands  of  miles  of  coaxial 
bable,  much  of  it  using  insulation  discs  of  Du  Pont 
lythene  in  the  coaxial  units — as  many  as  506,000 
iscs  per  mile  in  a  typical  cable. 

The  excellent  electrical  properties  of  Du  Pont 
jolythene  which  make  it  adaptable  to  this  type  of 
nsulation  are  these:  polythene  has  a  low  dielectric 
constant  (2.3).  Its  low  power  factor  makes  it  a  supe¬ 
rior  insulator — reduces  shunt  losses  to  about  1/12 
those  present  with  materials  formerly  used.  In  addi¬ 
tion  p>olythene  has  excellent  strength  and  resistance 
m  the  manufacturer’s  viewpoint,  it’s 
easy  to  fabricate,  and  is  flexible 
ick  assembly  on  the  inner  wire. 
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f  irst  choice  for  fine  equipment . . . 


Sjlvania’s  COMPLETE  line  of  Germanium  Crystal  Diodes 


DIODES 


1N34  The  popularly-priced 
answer  to  diode  problems  in  cir¬ 
cuits  involving  up  to  60  volts 
negative  potential.  Requires  no 
mounting  hardware,  no  heater 
supply.  Has  low  shunt  capacity, 
no  contact  potential,  convenient 
pigtail  leads.  Weighs  less  than  a 
penny. 


nmll  I 


1N38  Ideal  for  low  power 
rectification  from  zero  to  several 
hundred  megacycles.  Withstands 
peak  voltages  as  high  as  100 
volts.  Average  life  more  than 
5,000  hours.  Can  be  operated 
with  both  terminals  above 


IN 39  Designed  for  exception¬ 
ally  high  back  voltages.  Ideally 
suited  for  use  in  switching,  wave¬ 
shaping,  coupling  and  clamping 
circuits  involving  negative  volt¬ 
ages  as  high  as  200.  Mechanically 
identical  to  1N34  and  1N38. 


ground. 


DUO-DIODES  and  VARISTORS  nMMt 


1N35  A  single  assembly  con¬ 
sisting  of  two  germanium  crystal 
diodes.  Matched  for  similar  val¬ 
ues  of  forward  resistance  under 
conditions  typical  of  actual  use. 


1N40  A  network  of 
4  carefully  selected 
and  matched  germa¬ 
nium  crystal  diodes. 
Plug-in  type— crystals 
mounted  in  compact 
metal  shell  with  small 
wafer  octal  base.  For  use  as.rins 


1N41  Com-  I 

posed  of  the  P 
same  carefully.  I 
matched  ger-  k 
manium  crystal  | 
diodes  as  the  ^ 
1N40,  the  1N41  is  designed  for 
use  where  too  or  sub-oanel 
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I  TUBES  AT  WORK  (conHmitd) 

j  leg).  These  filters  form  the  con¬ 
necting  means  from  the  outer  box 
to  the  interior  of  the  room.  Inside 
the  room  is  another  copper-clad  box, 

I  in  which  is  located  a  third  filter 
section  consisting  of  0.6-/if  oil-filled 
capacitors  and  high-frequency 
chokes. 

As  shown  in  Fig.  2,  the  outer  and 
inner  shields  are  connected  together 
i  by  means  of  the  neutral  wire 
1  through  .one  of  the  microwave 
I  chokes.  A  more  detailed  illustra- 
j  tion  of  the  microwave  choke  is 
I  given  in  Fig.  3. 

A  test  receiver  placed  in  a  room 
I  of  the  type  described  was  unable  to 


Measuring,  preforming,  preheating,  molding  —  the  four 
functions  of  molding  thermosetting  plastics  combined  in 
one  machine!  A  development  of  the  Rockford  Machine 
Tool  Co.,  oil  movements  ore  hydraulically  powered,  elec¬ 
trically  controlled  .  .  .  automatically  timed  through  the 
complete  operating  cycle. 

Cramer  Time  Delay  Relays  handle  four  vital  timing  appli¬ 
cations  on  this  unique  Rockford  Hi-Jector.  Another 
product  where^  dependable  control  is  essential  to  per¬ 
formance  .  . .  iSin^  by  Cramer. 

Cramer  Time  Delay  Re¬ 
lays,  mounted  on  con- 
^1  panel.  Safety  Timer 
determines  time  al¬ 
lowed  after  initiation  of 
theat  timer.  Preform 
lay  Timer  (2)  deter¬ 
mines  time  delay  before 
preform  plunger  cyl¬ 
inder  valve  is  energisM. 
Mold  Plunger  Timer  (3) 
determines  time  plunger 
returns. 


Specialists  in  TIME  os  a  factor  of  CONTROL, 
Cramer  has  developed  o  wide  range  of  devices 
for  o  great  variety  of  commercial  and  industrial 
duties.  If  the  performance  of  your  product  de¬ 
pends  on  precision  timing,  consult  Cramer. 
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X-Ray  SpeedB  Chemical 
Comparigons 


Determination  of  the  tetraethyl 
lead  content  'of  gasoline,  the  con- 
i  centration  of  an  acid  in  water,  the 
:  percent  chlorination  of  a  plastic, 

'  or  the  percent  ash  in  coal  is  being 
I  done  by  measuring  and  comparing 
the  x-ray  absorption  of  a  sample 
and  a  reference  by  the  use  of  an 
x-ray  photometer. 

The  method  employed  is  an  out- 
!  growth  of  wartime  experience  with 
1  the  x-ray  method  of  checking  the 
explosive  charge  in  hand  grenade 
fuses  to  prevent  premature  detona¬ 
tion.  Engineers  of  General  Electric 
then  devised  a  production  system 
of  testing  which  made  it  possible 
to  check  fuses  with  x-rays  accu¬ 
rately  at  a  rate  of  4,000  per  hour. 
Experience  with  this  apparatus  led 


detect  any  type  of  interference  over 
the  entire  band  from  200  to  1,600 
kilocycles;  although,  by  opening 
the  door  by  as  much  as  one-eighth 
of  an  inch  several  broadcast  sta- 

I 

'  tions  could  be  received  with  consid¬ 
erable  volume.  Moreover,  the  uhf 
type  of  interference  was  reduced  to 
a  negligible  amount  when  the  door 
!  of  the  room  was  securely  closed. 


FIG.  3 — Dutaib  of  the  microware  filter 
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First  choice  for  fine  equipment . . . 

Sylvania’s  COMPLETE  line  of  Germaninm  Crystal  Diodes 


1N34  The  popularly-priced 
answer  to  diode  problems  in  cir¬ 
cuits  involving  up  to  60  volts 
negative  potential.  Requires  no 
mounting  hardware,  no  heater 
supply.  Has  low  shunt  capacity, 
no  contact  potential,  convenient 
pigtail  leads.  Weighs  less  than  a 
penny. 


IN 39  Designed  for  exception¬ 
ally  high  back  voltages.  Ideally 
suited  for  use  in  switching,  wave¬ 
shaping,  coupling  and  clamping 
circuits  involving  negative  volt¬ 
ages  as  high  as  200.  Mechanically 
identical  to  1N34  and  1N38. 


1N38  Ideal  for  low  power 
rectification  from  zero  to  several 
hundred  megacycles.  Withstands 
peak  voltages  as  high  as  100 
volts.  Average  life  more  than 
5,000  hours.  Can  be  operated 
with  both  terminals  above 
ground. 


DUO-DIODES  and  VARISTORS  # 


1N40  A  network  of 
4  carefully  selected 
and  matched  germa- 
nium  crystal  diodes. 
Plug-in  type— crystals 
mounted  in  compact 
metal  shell  with  small 
wafer  octal  base.  For  use  as  ring 
modulators  and  bridge  circuits 
in  communications  modulation 
and  demodulation,  and  for  ap¬ 
plication  in  many  other  networks 
requiring  highly  polarized  non¬ 
linear  characteristics. 


1N35  A 


single  assembly  con¬ 
sisting  of  two  germanium  crystal 
diodes.  Matched  for  similar  val¬ 
ues  of  forward  resistance  under 
conditions  typical  of  actual  use. 
Back  resistance  of  each  crystal  is 
greater  than  0.8  megohms  at  —10 
volts.  Permits  compact  packag¬ 
ing  of  balanced  circuits  for  full- 
wave  rectification,  modulation  or 
demodulation. 


1N40,  the  1N41  is  designed  for 
use  where  top  or  sub-panel 
mounting  is  preferred.  The  crys¬ 
tals  are  assembled  in  a  rectangu¬ 
lar  metal  can.  Connections  are 
brought  out  to  eight  soldering 
lugs.  Mounting  holes  provided 
at  top  and  bottom  of  metal  can. 


io  save  time,  space  and  money,  engineer  these 
Sylvania  germanium  crystal  diodes  into  your 
products.  They  are  the  modern  answer  to  diode 
problems.  Inquiries  are  invited  on  special 
requirements. 


Electronict  Diviuon,  500  Fifth  Ave^  New  York  18,  N.  Y. 

MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES- 
FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 


FREE  BULLETIN 
DESCRIBES  THE 
COMPLETE  SYLVANIA 
FAMILY  OF  ' 
GERMANIUM  CRYSTAL 
DIODES,  DUO-DIODES 
AND  VARISTORS 


Sylvania  Electric  Products  Inc. 

Electronics  Division,  Dept.  &1104 
500  Fifth  Avenue,  New  York  18,  N.  Y. 

Gentlemen :  Plea$e  tend  me  copy  of  bulletin  EC-36, 
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A  chftmitt  placM  c*U  In  portion  for  on 
x-ray  compcrlten  tMt  ■ 


to  the  development'  of  the  x-ray 
photometer  by  the  company’s  Gen¬ 
eral  Engineering  and  Consulting 
Laboratory. 

Essentially,  the  device  consists 
of  a  source  of  x-rays,  a  fluorescent 
screen,  a  multiplier  phototube,  an 
electronic  amplifier  and  an  indicat¬ 
ing  instrument.  The  x-ray  beam  is 
interrupted  by  a  synchronous  mo¬ 
tor-driven  chopper  so  that  half  of 
the  beam  passes  alternately  through 
each  of  two  analyzer  cells,  one  con¬ 
taining  the  reference  and  the  other 
attaining  the  sample.  In  the  half 
.'j/«ithe  beam  passing  through  the 
-"^^mrence  there  is  placed  also  an 
;.-^^d|Unum  attenuator  disc,  the  ang- 
j^ulaiP  position  of  which  corresponds 
'  with  a  particular  thickness  of 
’-metal. 

"  X-rays  from  the  two  halves  of 
the  beam  are  received  alternately 
on  the  fluorescent  screen,  from 
■  which  the  fluorescence  is  trans¬ 
mitted  to  the  multiplier  phototube. 
The  output  of  this  tube  passes 
through  an  amplifier  to  a  peak  com¬ 
parator  where  it  registers  on  a 
microammeter  as  a  d-c  signal  in¬ 
dicating  the  difference  in  intensi¬ 
ties  of  the  two  halves  of  the  beam. 

Interpretation 

If  the  sample  and  the  reference 
are  identical,  the  intensities  of  the 
two  halves  of  the  beam  as  received 
on  the  fluorescent  screen  are  equal 
and  the  meter  reading  is  zero  with¬ 
out  the  use  of  the  aluminum  atten- 

April,  I94«— ELECTRONICS 


5 


PHILCO 


R^o\o 


BRINGS 

SENSATIONAL  NEW 
DEVELOPMENTS  AND  \ 
ADVANCED  ENGINEERING  T0\ 

FM  radiophone) 

COMMUNICATIONS  SYSTEMS 


•  Proven  Relmbility  ^ 

•  Advanced  Engineering 
Design 

•  New  Operating  Effic ienc y 
and  Economy 


ELECTRONICS  — Aprif,  194$ 


TUKS  AT  WORK  (cMtinW) 

uator  disc.  If  the  sample  and  the 
reference  are  different,  it  becomes 
necessary  to  introduce  aluminum  by 
means  of  the  attenuator  until  the 
two  halves  of  the  beam  become  of 
equal  intensity  and  the  reading  re* 
turns  to  zero.  From  the  thickness 
of  aluminum  introduced  into  the 
reference  half  of  the  beam,  it  is 
possible  to  determine  empirically 
the  proportion  of  certain  elements 
in  the  sample  as  compared  with  the 
reference.  In  general,  the  method 
is  most  applicable  where  there  is 
a  considerable  difference  in  the 
atomic  numbers  of  the  main  sub¬ 
stance  and  the  particular  ingredient 
to  be  measured. 

Under  most  circumstances,  the 
limiting  factor  to  rapid  operation 
has  been  found  to  be  the  time  re¬ 
quired  for  the  preparation  of  the 
sample.  Liquids  must  be  measured 
as  they  are  put  into  the  analyzer 
cell  and  require  more  time  than 
solids  when  the  latter  are  specimens 
of  uniform  thickness.  Powdered 
solids  such  as  coal,  which  must  be 
weighed  into  the  analyzer  cell,  re¬ 
quire  more  time  than  liquids.  If 
preparation  of  the  samples  can  be 
arranged  independently  of  the  op¬ 
eration  of  the  instrument,  there  is 
no  difficulty  in  maintaining  a  six 
per  hour  rate  regardless  of  the 
physical  form  of  the  material  to  be 
tested. 

One  advantage  of  this  method  of 
comparison  is  that  it  is  independent 
of  the  physical  state  of  the  sub¬ 
stance  being  tested,  because  the 
amount  of  x-ray  absorption  by  a 
given  mass  of  material  is  always 
the  same,  whether  the  material  is 
hot  or  cold,  gaseous,  liquid,  or  solid. 
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DIHEPTAL 


CATHODE  RAY  TUBE 
SOCKET  ASSEMBLIES 


•  Amphenol  custom-wired  cathode  ray  tube  socket  assemblies  are  unusually 
compact.  Leads  ore  grouped  within  the  housing  in  unit  cable  form  and  broughi 
through  the  side  of  the  socket  in  any  of  six  poeitions.  This  effects  a  further 
saving  of  space.  High  voltage  lead  may  be  segregated  from  main  trunk  wiresu^ 
Safety  socket  cap  enclosing  all  wiring  connections  is  easy  to  nseove.  Recessed*' 
socket  front  shields  operator  or  serviceman  from  high  voltages;  serves  also 
as  a  guide  for  tube  insertion.  Creepage  barriers  between  contacts  provide 
long  leakage  paths  and  positive  lead  wire  separation,  for  manufacturer's 
applications,  sockets  are  furnished  in  wired  assemblies. 

Duodecal  Tube  Sockets:  For  most  popular  television  viewing,  tubes'  with  a 
maximum  of  twelve  pins  on  a  pin  circle' diameter  of  1.063  inches. 

Diheptal  Tube  Sockets:  Made  in  two  sixes,  for  small  (2.050  inch)  diameter  tube 
bases,  also  for  medium  (2.250  inch)  diameter  bases.  Both  provide  for  a  maxi¬ 
mum  of  fourteen  pins  on  a  1.750  inch  diameter  pin  circle. 

Complete  technical  data,  and  prices,  ore  available. 

Write  tor  them  today! 


Polarity  Response  from 
Tuning  Eye  Tubes 

By  M.  L.  Grxbnough 

Electronio  Instrumentation  Laboratory 
National  Bureau  of  Standards 
Washington,  D.  C. 


Polarity-sensitive  indication  of 
discriminator  tuning  in  f-m  recep¬ 
tion  is  provided  by  the  new^^Ui 
GT  indicator  tube  having  a  dual- 
column  type  of  presentation.  For 
instrument  work,  however,  a  bal¬ 
ance  indicator  capable  of  greater 
precision  is  frequently  desired. 

By  means  of  the  circuit  shown 
in  Fig.  1,  a  conventional  tuning- 
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COAXIAL  CASLCS  AND  CONNECTORS -INDUSTRIAL  CONNECTORS.  FITTINSS  AND  CONDUIT-ANTENNAS 
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NEW  AUDIO  and  SUPERSONIC  OSCILUTOR 


with  LOW  DISTORTION 


UNIFORM  OUTPUT 


HIGH  STABILITY 


THIS  new  wide-range,  continuously  adjustable  oscillator  was  designed  to  611  a  need  for 
an  instrument  for  laboratory  measurements  of  gain,  distortion,  impedance  and  frequency 
response  at  frequencies  well  above  the  audio  range. 

With  a  single  dial  and  four  push-button-controlled  multipliers,  the  Type  1302 -A  Oscil¬ 
lator  covers  the  range  of  10  to  100,000  cycles.  Because  of  its  wide  frequency  range  and 
flat  output  this  oscillator  is  particularly  suited  to  taking  frequency  response  character¬ 
istics  on  amplifiers,  telephone  lines,  filters  and  other  such  circuit  elements. 

FEATURES 

•  WIDE  FREQUENCY  RANGE— 10  to  100,000  cycles— 180-degree  rota¬ 

tion  of  dial  covers  the  10  to  100-cycle  decade — panel  push  buttons  add  in 
decade  steps 

•  ACCURATE  CALIBRATION— adjusted  within  ±(1-1/2%  +  0.2  cycle) 

•  LOW  DISTORTION  — less  than  1%  at  any  frequency 

•  SMALL  FREQUENCY  DRIFT — less  than  1%  in  first  10  minutes;  less 

than  0.2^  per  hour  afterwards 

•  FREQUENCY  DRIFT  CONSTANT  PERCENTAGE  OF  OPERATING 
FREQUENCY — particularly  helpful  with  bridge  measurements  at  low 

frequencies 

•  CONSTANT  OUTPUT  VOLTAGE — within  ±1.0  db  over  whole  range; 

20  volts  open  circuit  on  5,000-ohm  output,  10  volts  on  600  ohm 

•  STABILIZED  SUPPLY  — compensated  for  transient  line  voltage  surges 

and  average  line  voltage  variations  between  105  and  125  (210  and  2^) 
volts 

•  VARIABLE  CONDENSER  FREQUENCY  CONTROL— avoiding  con- 

tack  difficulties  often  found  in  variable  resistance  control 

•  TWO  SEPARATE  OUTPUT  CIRCUITS— balanced  600  ohm  and  un¬ 

balanced  5,000  ohm 

TYPE  1302-A  OSCILLATOR . $365.00 


GENERAL  RADIO  COMPANY 


Cambridge  39 
Massachusetts 


920  S.  Michigan  Ave.»  Chicago  5 


9S0  N.  Highland  Ave.*  Los  Angeles  38 


90  West  St.,  New  York  6 
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NEW!  GRADE  XXX-402 


Laminated  PLASTIC 


•  LOW  COLD  FLOW 

•  dimensional 

STABILITY 


FIG.  1 — ^]VHh  tkii  circuit  poaitiT*  or  iie9a- 
tiTo  tignola  con  bo  indicated  on  a  conrra- 
donal  tuning-eye  tube.  Value  of  H  is  deter¬ 
mined  by  OToiloble  plote  Toltoge 


eye  tube  of  the  6E6,  6U6,  6N6 
series  can  be  used  to  furnish  a 
polarity-sensitive  indication. 

The  obvious  method  of  making 
the  tube  polarity-responsive  is  to 
bias  the  deflection  grid  to  produce 
some  arbitrarily  chosen  reference 
angle,  which  is  marked  on  the  scale 
over  the  tube.  Positive  or  nega¬ 
tive  signals  then  cause  an  increase 
or  a  decrease  of  this  shadow  angle. 
The  disadvantages  of  such  a  sys¬ 
tem  are  the  instability  of  the  ref¬ 
erence  angle,  which  is  greatly  de¬ 
pendent  upon  the  supply  voltagtd, 
and  parallax  of  observation. 

These  disadvantages  may  be 
avoided  by  repeatedly  switching 
the  signal  on  and  off  at  a  rate  fast 
enough  to  prevent  visible  flicker, 
for  example,  at  power  line  fre¬ 
quency.  By  this  means  two  shadow 
angles  are  maintained  on  the  tube 
screen  itself.  One  shadow  angle, 
corresponding  to  zero  input,  ap¬ 
pears  half  the  time,  while  during 
the  remaining  time  the  angle  is 
that  due  to  the  amplitude  of  the 
applied  signal.  Zero  signal  input 
is  indicated  when  the  edges  of 
these  angles  coincide. 

Typical  patterns  obtained  for 
positive,  zero  and  negative  signals 
are  shown  in  Fig.  2.  There  ap¬ 
pears  to  be  a  half-illuminated  angu¬ 
lar  sector  whose  width  is  propor¬ 
tional  to  the  deflection  signal,  and 
which  lies  on  one  or  the  other  side 
of  a  reference  line  as  determined 
by  signal  polarity.  Alternatively, 
the  pattern  may  be  considered  as 
two  superimposed  areas  of  half¬ 
illumination,  one  fixed  and  one 
variable.  The  edges  of  these  areas 
are  similar  and  sharp  in  the  6E5 
and  their  superposition  at  balance 
can  be  precisely  observed. 

Accurate  null  indication  is  main- 
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Federal  Telephone  and  Radio  Corporation 


Federal 


^mST  NAMES. 

SELENIUM  RECTIFIERS 


. . .  here  s  why  these  costifilltnng  components 
are  the  designer’s  first  choice 


How  much  does  a  rectifier  cost?  First,  of 
course,  is  the  purchase  price.  But,  unless  it 
stands  up  on  the  job,  it  might  cost  you  dis¬ 
satisfied  customers  —  loss  of  prestige  for 
your  product. 

The  rectifier  you  build  into  your  equip¬ 
ment  must  deliver  d-c  power  day  after  day 
—  under  service  conditions  over  which  you 
have  no  control.  Proved  dependability  is 
essential. 

In  Federal  Selenium  Rectifiers  you  get 


quality  that’s  backed  by  the  engineering 
and  production  skill  of  America’s  first  manu¬ 
facturer  of  Selenium  Rectifiers — the  know 
how  that  has  pioneered  every  major  ad¬ 
vance  in  their  design  and  construction. 

There’s  a  Federal  Selenium  Rectifier 
Stack  for  practically  every  job — from  space¬ 
saving  miniature  units  of  milliampere  ca¬ 
pacity,  to  heavy-duty,  multiple-plate  stacks 
capable  of  handling  thousands  of  amperes. 
Write  Federal  today  for  prices  and  data  on 
the  rectifiers  that  you  need.  Dept.  F613. 
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TUIES  AT  WORK  (CMtinuW) 

tained  in  spite  of  supply  voltage 
variations,  since  such  changes 
merely  affect  both  illuminated  areas 
identically.  Using  reasonable  care 
it*has  been  found  possible  to  repeat 
observations  of  balance  to  less 
than  0.05  volt  with  the  unaided 
eye.  A  simple  lens  permits  resolu¬ 
tion  approaching  an  electrically 
imposed  limit,  which  in  this  case 
was  measured  to  be  approximately 
7  millivolts.  Although  no  extended 
study  of  ultimate  balance  limita¬ 
tions  has  been  made,  higher  mag¬ 
nification  and  improved  switching 
circuits  could  undoubtedly  provide 
higher  resolution. 

In  the  circuit  shown,  the  diode 
network  acts  effectively  as  a  switch 
which  is  opened  and  closed  during 
alternate  half  cycles  of  the  GO-cps 
switching  voltage.  The  d-c  input 
signal  is  applied  across  the  1-meg¬ 
ohm  resistor  in  series  with  the 


.  - 


NEGATIVE 


Positive 


Ifl  the  field  of  elei  tronics  and  the  electrical 
goods  industry,  MOSINEfc  stands  for  piaper-base 
peocessing  materials  with  scientifically 
controlled  chemibtl  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
crep&i  with  controlled  stretch  or  flexibility;  specified 
pH  for  ntaximum-minimum  acidity  or 
alkalinity*,  accurate  caliper,  density,  liquid  rcpellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
4^,  production  requirements. 


r.  2 — Pcrttoni  on  (E5  tab*  wWn  coo 
noelod  in  polarity  rotponsiTo  drcnlt 


resistance  of  the  diode  switching 
circuit 


between  point  A  and 
ground.  The  voltage  across  the 
diode  switching  circuit  is  applied 
to  the  grid  of  the  tuning  eye. 

During  the  half  cycle  of  switch¬ 
ing  voltage  which  renders  the  di¬ 
odes  conducting,  the  resistance  be¬ 
tween  point  A  and  ground  is  low 
relative  to  1  megohm.  This  per¬ 
mits  a  negligible  fraction  of  the 
input  voltage  to  appear  between 
point  A  and  ground. 

During  the  half  cycle  of  diode 
the  resistance  of 


nonconduction, 
each  diode  is  increased  to  its  re¬ 
verse  voltage  value,  and  nearly  the 
entire  input  voltage  appears  be¬ 
tween  point  A  and  ground.  Due 
to  the  symmetry  of  the  diode  net¬ 
work,  none  of  the  switching  volt¬ 
age  appears  between  point  A  and 
ground. 

In  this  circuit  diodes  of  high 
quality,  particularly  with  regard 
to  back  resistance,  provide  maxi¬ 
mum  sensitivity  of  indication. 
Miniature  dry-disc  rectifiers,  for 
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SEND  FOR  FREE  REPRINT 

This  technical  paper  -the 

information  you  need  for  better 
vibration  control  desigrn.  it  de¬ 
scribes  the  chart — shows  you  how 
to  use  it.  No  obliKation.  of  course. 
I  Write  Dept.  BS 
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I  ISOMODE 
UNITS 


Type  17 


Trail,  Mark  Hat.  V.  S.  PM.  09. 


Here’s  a  remarkable,  new  method  of  locating 
support  points  for  flexible  mountings.  It  re¬ 
duces  your  difficult  design  problem  to  an  almost  rou¬ 
tine  job.  And  what’s  more,  it  assures  you  optimum 
isolation  every  time,  from  standard  units,  with  math¬ 
ematical  certainty!  Here  are  partial  details; 


THE  MB  ISOMODE’^  DESIGN  CHART 
SAVES  WORK,  SAVES  TIME 


Set  down  graphically  are  the  relationships  you  formerly 
found  by  trial  and  error.  Each  quadrant  covers  a  differ¬ 
ent  phase  of  the  entire  vibration  problem.  You  outline 
your  product  right  onto  the  chart.  Then  read  your  solu¬ 
tions  directly  from  intersections  of  various  curves  and 
mount-locations  of  product. 


THE  MB  ISOMODE*  UNIT— 


You  can  install  these  units  at  any  convenient  angle — be¬ 
cause  MB  engineered  them  with  an  equal  spring  rate  in 
all  directions.  That’s  also  why  they  isolate  with  extra 
high  efficiency.  For  the  same  radial  and  axial  softness 
absorbs  not  only  vertical,  but  horizontal  and  rocking 
motions  as  well !  They  have  high  deflection  capacity,  yet 
are  thoroughly  stable.  Safe,  self-snubbing,  compact  sizes 
are  available  for  loads  of  ^  pound  to  2500  pounds. 


Why  not  investigate  this  simplified  MB  method? 
Give  your  product  the  benefit  of  vibration  control 
accomplished  in  the  design  stage — and  make  no  com¬ 
promise  on  efficiency.  You’ll  get  a  product  that  works 
more  smoothly,  lasts  longer — and  sells  better! 


CLINCHES  THE  RESULTS 


GREAT  NEWS! 

VIBRATION  CONTROL  now  SIMPLIFIED 


...with  MB  developments 
in  vibration  engineering 


ISOMODE  DESIGN  CHART 


MANUFECTUMNC  COMPMIY,  MC. 


1060  State  Straat 
Haw  Havaa  11.  Goiia. 


IMITIM  ISIUTN  NITS  •  IMUTIM  TOT  EWniEIT 


MAKE  THE  MOST  OF  THE 


SHURE  BROTHERS,  INC 


Microphones  &  Acoustic  Devices 

775  W.  HURON  ST.,  CHICAGO  10,  ILL.  •  CABLE  ADDRESS:  SHUREMICRO 


TUIES  AT  WOKK  (contiayed) 

example  7-inm  selenium  or  copper 
oxide  units  having  more  than  10 
megohms  back  resistance,  have 
proved  satisfactory. 


Television  Monitors 
Dangerous  Operation 

Intimate  Details  of  the  operation 
of  high-thrust  rocket  motors  have 
been  monitored  by  television  and 
viewed  by  observers  in  a  comfort¬ 
able  conference  room  far  removed 
from  the  test  pits. 

Conventional  methods  of  test 
viewing  using  block  houses  for  the 
observers  employ  laminated  safety 
glass  which  becomes  clouded  from 
close-range  effects  of  propellant 
fumes,  or  using  mirrors  which  in 
addition  to  becoming  clouded  limit 
the  range  of  vision  and  often  in¬ 
clude  distortion.  Both  of  these 
systems  require  apertures  through 
heavy  safety  walls  of  the  block 
house  thereby  weakening  the  struc¬ 
ture.  Observation  is  also  limited  to 
two  or  three  persons  per  aperture. 

In  the  television  method,  safety  is 
assured  by  the  remoteness  of  the 


MODEL 

''737A” 

Cvaiia^  ^eur 


CARDIOID  CRYSTAL 
MICROPHONE 


Here  indeed  is  iAe  crystal  micro-  I 

phone  of  all  time— a  high-out-  « | 

put,  unidirectional  microphone  \  |||v  in  \  S  H 

that  ranks  far,  far  above  ordinary  \  v  .  t  B  S 

crystal  microphones.  Why?  Be-  \  aII*  ih)  fl  I 
cause  it  is  a  SUPER-CARDI- 
OID  microphone.  What  does  \ 
this  mean?  It  means  that  the  Y^,****’**”*’^ 

“Monoplex”  is  twi(»  as  unidi-  BBBKi/oHb  i 

rectional  as  the  Cardioid.  It  has  wide  angle  pickup  across  the  front 
of  the  microphone  but  it  reduces  sound  pickup  from  the  rear  by 
15  db— over  a  broad  range  of  frequencies,  and  reduce  pickup  of 
random  sovmd  by  73%!  The  “Monoplex”  employs  the  same  type 
of  acx>ustic  phase-shifting  network  used  in  the  highest -cost  Shure 
Broadcast  microphones.  New  “Metal -Seal”  crystal.  The  case  is 
pivoted  at  the  rear  and  can  be  pointed  toward  desired  sound  or  up- 
WEurds  for  horizontal  plane  pickup.  The  “Monoplex”  is  excellent 
for  .high-quality  public-address,  conummications,  recording  and 
similar  applications.  It  will  operate  under  adverse  conditions  of 
background  noise  and  reverberation  where  a  (x>nventional  micro¬ 
phone  would  be  practically  useless.  Make  the  most  of  the  “Mono¬ 
plex”— it  is  destined  for  a  performance  record  unique  in  crystal 
microphone  history! 

Skmr*  pgfuls  oimI 

Liewnmd  und«r  paUnU  o/  Bruak  Demlopmtnt  C*. 


For  the  rockot  tests,  a  standard  imaqe^rthi- 
con  camera  was  mounted  on  a  revulor 
studio  dolly  ond  wrapped  in  sponge  rubber 
padding.  The  video  signol  was  fed  by 
coaxial  coble  to  three  10-incfa  kinescopes 


viewing  operation  and  picture  light 
intensity  and  definition  are  far 
superior  to  direct  viewing  through 
glass.  Other  advantages  of  the 
television  method  are  important  to 
the  test  engineers.  With  a  closeup 
view  provided  by  the  television 


CODE:  RUMON 
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want  them 


and  formula*  which  you  will  find 
uanful.  No  obligation  of  couia*. 


f  the 
ant  to 
loseup 
vision 
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TUBES  AT  WORK 


(contiRbtd) 


camera,  engineers  can  detect  in 
time  to  stop  the  test  firing  any  evi¬ 
dence  of  fuel  leaks  or  malfunction- 
ipg  of  the  system  which  could  re¬ 
sult  in  an  explosion  and  major  dam¬ 
age  to  the  rocket  motor  and  its  test 
setup.  Observation  of  the  rocket 
Emd  exhaust  fiames  during  the  fir¬ 
ing  period  also  enables  test  engi¬ 
neers  to  note  any  irregularities  in 
mixture  ratio. 

Nuifterous  possibilities  for  indus¬ 
trial  applications  of  television  are: 
salvage  of  ships  or  underwater  ex¬ 
ploration,  some  mining  operations 
and  rescue  work 


where  danger 
exists  from  possible  explosions,  fire, 
dust,  as  in  certain  operations  in 
steel  mills,  chemical  plants,  glass 
factories,  and  where  remote  super¬ 
vision  is  necessary  as  at  dams, 
vehicular  and  railroad  tunnels,  and 
traffic  control. 

The  rocket  tests  were  monitored 
by  television  equipment  supplied  by 
General  Electric  Company  for  a 
demonstration  to  government  offic¬ 
ials  at  the  proving  grounds  of  Aero 
Jet  Engineering  Corp.  at  Azusa, 
California. 


FREQUENCY  SHIFT -the  most  ad¬ 
vanced  technique  for  telegraphic 
communication  systems.  ERCO  is  a 
pioneer  in  the  field  of  FST.  ERCO 
equipment  in  daily  use  throughout 
the  world  has  proven  its  depend¬ 
ability. 

An  outstanding  development  is 
the  new,  all  crystal  controlled  250-T 
exciter.  New  highs  in  stability  have 
been  achieved  and  all  forms  of 
spurious  output  frequencies  elim¬ 
inated.  instant  selection  of  three 
operating  channels,  each  preset  to 
its  individual  carrier  frequency  and 
Mark-Space  shift  requirement,  is 
available. 

Receiver  converter  2 1 6-S  is  used 
with  the  87-R  receiver  and  its  out¬ 
put  functions  will  drive  a  teletype 
printer,  tape  recorder  or  tone  os¬ 
cillator.  This  combination  can  be 
implemented  on  diversity  or  non¬ 
diversity  telegraph  circuits. 

In  addition  to  abova,  wo  manufactura 
a  complete  lino  of  tone  converters,  trans¬ 
mitters,  VHP  channeling  oquipmont  and 
ether  apparatus  for  high  speed  telegraph 
communication.  Write  for  IHoraturo, 


Typical  of  their  adaptability,  standard  Erco  units 
were  combined  into  this  packaged  receiving  sta¬ 
tion  which  provides  multichannel  dual  diversity 
reception  of  high  speed  radio  type  PST  signals. 


SURPLUS  GROUND  PLANE 


TYK  t7-lt  RECEIVER 
ir-R  is  specifically  designed  foe  the  recep¬ 
tion  of  high  speed  FST  signals  where  a  high 
degree  of  stability,  sensitivity  and  selectivity  is 
required  under  continuous  operating  conditions. 


TYPE  250-T  EXCITER 
The  250-T  all  crystal  controlled  exciter  is  de¬ 
signed  to  key  a  radio  telegraph  transmitter  by 
the  frequency  shift  method  and  replaces  the 
existing  oscillator  in  the  transminer. 


ERCO  RADIO  LABORATORIES 

GARDEN  CITY,  NEW  YORK 
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a  crystal  cartridge  THAT  PROTECTS  RECORD  AND  NEEDLE 


You’ll  be  pleased  with  the  exceptionally  quiet  playing 
and  ideal  response  characteristics  of  the  "Featheride”  retractable 
cartridge.  This  new  cartridge  has  a  light  tracking  pressure  ounce) 
and  is  supplied  in  1  v.  and  2  v.  models.  It  has  the  same  high 
quality  that  characterizes  the  entire  Webster  Electric  line. 

The  "Featheride”  retractable  cartridge  comes  with  a  special  osmium- 
tipped  offset  needle,  needle  guard  and  necessary  attachments 
for  retractable  feature.  In  case  an  individual  should  drop  or 
slide  the  pickup,  it  will  not  damage  the  record  or  needle. 

For  full  information  write  Webster  Electric  Company, 
Racine,  Wisconsin. 

(IMtnstd  under  Paleuis  of  the  Brush  Deedlofmeni  Company) 


WEBSTER 


ELECTRIC 


featuring  . 


V  Light  tracking  pressure 

V  High  lateral  and  vertical  compliance 
V  Minimum  needle  and  mechanical  noise 

Available  with  correct  response  characteristics 
V  Provided  with  offset  needle 
.  V  Provided  with  needle  guard 
V  Simple  to  mount 


WISCONSIN 
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THE  ELECTRON  ART 

(cMtiaiNd  from  pag«  140) 


BEINOIX 

SCINTILLA 


Crystals  in  holders  respoDd  quickly  to 
alpha  radiotton.  much  os  do  GLM  hibet 


supplementing  existing  techniques. 
It  also  provides  physicists  with  a 
powerful  tool  with  which  to  learn 
more  about  the  fundamental  struc¬ 
ture  of  solid  matter. 

Experiments,  described  before 
the  American  Physical  Society,  in 
which  electric  currents  shot  at  a 
diamond  chip  are  amplified  by  as 
much  as  500  times,  are  conducted 
in  a  cathode-ray  tube.  The  16,000 
electron-volt  beam  is  directed  at  a 
diamond  crystal  that  is  about  a 
quarter  of  an  inch  square  and  20 
thousandths  of  an  inch  thick.  As 
the  current  starts  to  flow  under  the 
bombardment,  electrons  become 
trapped  in  the  imperfections  of  the 
crystal.  Consequently  the  induced 
current  is  reduced.  To  overcome 
this,  alternating  current  is  applied 
to  the  crystal.  Alternately  negative 
and  positive  charges  are  drawn 
through  the  crystal  and  some  of 
each  polarity  are  trapped,  neutral¬ 
izing  each  other  so  that  the  full 
amplification  is  obtained. 

Gold  electrodes  a  hundred-thou¬ 
sandth  of  an  inch  thick  are  evapo¬ 
rated  onto  the  crystal  during  its 
preparation  for  testing  to  afford 
electrical  connections.  Although 
the  crystals  are  bombarded  by 
pulses  of  electrons  only  a  micro¬ 
second  long,  the  induced  currents 
are  produced  so  quickly  that  the  re¬ 
sponse  time  has  not  been  measur¬ 
able.  Earlier  experiments  used 
alpha  particles  to  bombard  crystals. 


Bendix-Scintilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  "Scinflex”  dielectric  material, 
a  new  Bendix-Scintilla  development  of  outstanding  stability, 
makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  flashover  and  creepage  distances.  In  temperature 
extremes,. from  — 67®  F.  to  -1-300®  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  miL 

The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
Bendix-Scintilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  feature  that  means 
lower  maintenance  cost  and  better  performance. 

*RCO.  U.S.  PAT.  OFF. 

Write  our  Sales  department  for  detailed  information. 

•  Mei<tur*-proof,  Pressure-tight  •  Radio  Quist  •  Single-piecs  InssrtT 

•  Vibratien-preef  •  Light  Weight  •  High  Arc  Rssistancs  • 
Easy  Assembly  and  Disassembly  e  Less  ports  than  any  other  Connecter 

Available  in  all  Standard  A,N.  Contact  Configurations 


Tubes  Designed  for  Industry 

Uniformity  and  stability  are  being 
engineered  into  electronic  tubes. 
Although  tubes  and  other  coin- 
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For  quality  and  service 


choose 


transformers 


From  our  more  than  20  years' experience  as  trans¬ 
former  specialists,  come  precision  transformers  of 
every  type— custom-made  for  YOUR  new  applications. 
FERRANTI  facilities  permit  unusual  service  to  each 
customer,  whether  large  or  small,  and  insure  prompt 
deliveries. 

AUDIO  TRANSFORMERS  AUDIO  FILTERS 

POWER  TRANSFORMERS  REACTORS 

HERMETICALLY  SEALED  WHEN  SPECIFIED 

We  also  build  power  supply  units  and  electronic 
assemblies  to  specifications  at  prices  comparable  to 
those  of  stock  assemblies.  We  invite  your  inquiries. 

30  Rockefeller  Plaza  •  New  York  20,  N.  Y. 
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ALSO  FOR  MODERN 
HIGH  VOLTAGE  DEVELOPMENTS 
WHERE  ZERO  CURRENT  DRAIN  IS 
IMPERATIVE 


r  VOLTS 


THE  FERRANTI  ELECTROSTATIC 
VOLTMETER 

Types  available  for  maximum 
readings  from  150  to  3500  volts. 
2  in.  dial,  flush  mounting,  project¬ 
ing  and  portable  models.  Write  lor 
informative  literature. 


RCA  BUILDING 


SINCE  1915,  when  Cannon  Electric  was  founded  by  its  president 
and  owner,  James  H.  Cannon,  at  that  time  manufacturing  signal 
equipment  and  electrical  specialties,  the  company  has  grown 
steadily  until  it  stands  among  the  top  ranks  of  manufacturers 
of  electrical  components  over  the  nation. 

Cannon  Electric  makes  not  only  multi-contact  electric  connec¬ 
tors,  but  direct-current  solenoids,  signal  equipment  for  hospital 
and  industrial  buildings,  various  lights,  conduit  fittings,  special¬ 
ized  relays,  and  certain  hardware  items.  Ask  for  the  Cannon 
Electric  Condensed  Catalog  for  a  survey  of  our  products. 

XL-3~t2Plns  03-tiPlitg  P3-CG-12S  Plug  X~}-tl  Plug 

«•  tb*  ''XL"  Strits  m  lb*  "O”  Series  im  tbe  ”P”  Series  in  tbe  "X"  Series 


•  THE  ELECTRON  ART  (cMtiaMd) 

I  ponents  of  electronisms,  if  operated 
j  within  their  ratings,  do  not  usually 
!  fail,  their  failure  does  interrupt 
I  the  equipment  they  are  controlling. 

I  In  a  domestic  radio,  such  failure  is 
j  of  little  consequence,  aside  from 
I  limited  personal  inconvenience, 
i  but,  in  industrial  control  equip- 
!  ment  and  such  complex  electronic 
devices  as  computers*,  interrup- 
I  tions  may  delay  the  work  or 
I  threaten^ the  safety  of  many  peo- 


TMts  at  RCA  Labi.  Indlcoti  that  ipicial 
tubn  withitoad  ripiotid  Impact  ihocki  oi 
lOOg  ior  Mctindid  piriodi 

pie.  For  example,  the  dependence 
placed  on  airborne  electronic  equip¬ 
ment  justifies  developing  rugged- 
ized  tubes*.  In  fact,  the  importance 
of  dependability  in  equipment  in¬ 
tended  for  industrial  use  requires 
a  radically  different  approach  to  its 
design  than  that  for  home  radios 
on  which  most  electronic  designers 
have  cut  their  eye  teeth. 

Toward  meeting  this  need  of  in¬ 
dustrial  electronic  equipment,  a 
few  special  tube  types  have  been 
designed  to  have  a  minimum  use¬ 
ful  life  of  10,000  hours  (14  months 
of  continuous  operation)  and 
enough  rigidity  to  resist  usual  in¬ 
dustrial  mechanical  shocks  and 
vibrations.  Electrically  these  tubes 
are  comparable  to  the  6SL7-GT, 
6SN7-GT,  and  6SJ7*.  In  part,  the 
improved  dependability  of  these 
tubes  has  been  obtained  by  care¬ 
fully  controlled  production  and  ex¬ 
tensive  testing  from  initial  selec¬ 
tion  of  materials  through  assembly 


SUPPLIER  OF  HIGH  GRADE  COHHEaORS 
FOR  RADKI  AHD  ELEaROHIC  EQUIPMEHT 
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DON  A.  DAVIS,  Sales  Manager 


For  more  than  six  years  a  member  of 
the  sales-engineering  staff  of  Cannon 
Electric,  Don  A.  Davis  is  a  graduate 
engineer  with  wide  experience  in  air¬ 
craft  and  electrical  fields.  Mr.  Davis 
combines  the  qualities  of  a  sales  exec¬ 
utive  with  knowledge  and  experience 
in  electrical  design  and  engineering. 


(M321(DS] 

IN  CANADA  A  RRITISN  IMPIRIt 

CANNON  ELECTRIC  COMPANY,  LTD. 
TORONTO  13,  ONTARIO 


SINCE  1915 


3209  HUMBOLDT  ST.,  LOS  ANGELES  31,  CALIF. 


WORLD  EXPORT  (•xc«|tiNS  British  iin|ir«)i 
FRAZAR  A  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11,  CALIFORNIA 


YT6 


»v. 


Niunufestturing  plums  •/ tbe  Cannon  Elettric  Development  Company  occupy  more  than  one 
square  city  block  between  Humboldt  Street,  Avenue  33  and  Artesia  Street  in  Las  Angeles. 
Tbe  old  plant,  located  across  tbe  main  line  Santa  Fe  tracks,  is  now  used  as  a  warebostse. 


KNOW  CANNON  ELECTRIC 
SALES  PERSONNEL 


ARNOLD 


Specialists  and 
Leaders  in  the 
Design/ 
Engineering 
and 

Manufacture 

of 

PERMANENT 

MAGNETS 


Arnold’s  business  is  permanent  magnets,  exclusively’^ 
a  field  to  which  we  have  contributed  much  of  the 
pioneering  and  development,  and  in  which  we  have 
set  peak  standards  for  quality  and  uniformity  of 
product. 

Our  service  to  users  of  permanent  magnets  starts  at 
the  design  level  and  carries  on  to  finish>grouad  and 
tested  units,  ready  for  your  installation.  It  embraces 
all  Alnico  grades  and  other  types  of  permanent  magnet 
materials — any  size  or  shape — and  any  magnetic  or 
mechanical  requirement,  no  matter  how  exacting. 

Let  us  show  you  the  latest  developments  in  perman* 
ent  magnets,  and  how  Arnold  products  can  step  up 
efficiency  and  reduce  costs  in  your  magnet  applica* 
tions.  Call  for  an  Arnold  engineer,  or  check  with  any 
Allegheny  Ludlum  representative. 


TBS  ARNOLD  ENGINEERme  CO. 


Subsidiary  of 

ALUGHENY  LUDLUM  STEEL  CORPORATION 
147  East  Ontorio  Stroot,  ChicaQO  11,  Illinois 


Speck^hH  and  Laadan  In  tka  Datign, 
Otginam^ing  and  Manvfaetura  of  POtMANiMT  MACMfTS 
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Maximam  Wattage 
Dissipation  for  Size 


THE  aECTRON  ART 


(cMtiniNd) 


M«tal  ttops,  welded  to  the  grid  rode,  bear 
against  mica  supports  to  proTenl  motion 

and  final  processing.  Dependabil¬ 
ity  of  industrial  equipment  using 
these  tubes  can  be  obtained  by  the 
same  basic  method. 

Electrical  uniformity  is  depend¬ 
ent  on  stable  cathode  emission*.  For 
these  tubes,  the  cathodes  have  been 
designed  to  operate  at  lower  tem¬ 
peratures  than  in  other  tubes,  and 
their  processing  is  controlled  to 
prevent  cathode  materials  from  de¬ 
positing  on  other  electrodes.  The 
control  grids  are  plated  ta  minimize 
variations  in  contact  potential. 
Pure  tungsten  heaters  assure  long 
life  despite  frequent  switching  on 
and  off.  The  tubes  are  produced  on 
a  special  assembly  line  by  trained 
personnel,  manufactured  more 
slowly  than  standard  types;  every 
one  is  tested,  instead  of  each  batch 
being  sampled.  Such  production  is 
costly,  but  tubes  (and  equipment) 
built  to  close  tolerances  are  indus¬ 
trially  economical. 

An  embossed  ring  in  the  upper 
end  of  each  cathode  anchors  it  to 
the  upper  mica  to  reduce  variations 
in  the  tube’s  characteristics  during 
vibration.  In  the  twin  triodes,  eye¬ 
lets  in  the  micas  prevent  wearing 
of  the  mounting  holes.  Two  get¬ 
ters  assure  a  good  and  permanent 
vacuum.  An  extra  mica  disc  pre¬ 
vents  getter  material  from  reach¬ 
ing  the  electrodes.  In  the  sharp 
cutoff  pentode,  an  A-frame  welded 
to  the  steel  ring  on  the  stem  rigidly 
supports  the  electrodes*.  As  a  con¬ 
sequence  these  special  tubes  with¬ 
stand  continuous  vibrations  at  20 
cycles  per  second  of  2.5g  for  hun¬ 
dreds  of  hours  at  maximum  rated 
voltages.  They  will  survive  shocks 


iBlHiS  COMPACT,  rugged  type  M  25  watt  rheostat  offers  exceptional 
*  heat  dissipation.  An  exclusive  Hardwick,  Hindle  feature  is  the 
lock  tab  which  prevents  deformation  of  the  contact  arm  due  to 
rough  handling.  Its  steel  stop  pin  will  withstand  over  40  inch 
pounds  torque. 

The  resistance  element  is  wound  on  a  pure  mica  strip,  embedded 
in  vitreous  enamel  and  sealed  in  a  ceramic  base— thus  bonding 
inseparably  the  winding  and  base. 

And  in  our  type  M  rheostats  you  have  a  choice  of  2  types  of 
contact  mechanisms,  either  a  carbon  brush  or  a  spring  metallic 
contact.  And  also  a  choice  of  2  types  of  bases  designed  for  either 
lug  type  or  screw  type  terminals,  or  any  combination  thereof. 

Other  types  of  Hardwick,  Hindle  rheostats,  and  our  many  re¬ 
sistors  offer  you  valuable  exclusive  advantages. 

Write  us  today.  Our  engineers  are  at  your  service. 


Rheostats  and  Resistors 


Subsidiary  of 

THE  NJITIONAL  LOCK  WASHER  COMPAMT 

NEWARK  5,  N.  J.  Established  IIM  U.  S.  A. 


ELECTRONICS 


VoWoge 

pjstort**"  '* 

c«.«»aocncy 


For  the  first  time  all  the  features  is  ideal  for  FM  transmitter  mainte- 
listed  above  are  combined  in  one  pre-  nance,  studio  amplifier  and  console 
cision  instrument,  to  give  you  signals  testing,  a  source  for  bridge  measure- 
of  utmost  fmrity  and  accuracy  for  high  ments,  a-f  voltage  or  transmission 
fidelity  measuring  work.  measurements;  and  for  other  applica- 


FREQUENCY  RANGE:  20  cp*  to  20  kc,  3  bonds. 


CALIBRATION;  Diroct  in  cpt  on  lowost  bond. 


MATCHING 

ATTENUATOR  TRANSFORMER 


TUNEO  ■  VACUUM  TUeE 
AMPLIFIER  VOLTMETER 


RESISTANCE  TUNED 
OSCILLATOR 


STABIllTYi  BoHor  than  2%.  low  lomporoturo 
coofliciont  froquoncy  network. 


OUTPUTi  +15  dbm  into  50,  150,  600  ohms. 
Approx.  10  V  into  open  circuit. 


ooo 


OUTPUT  IMPEDANCE;  50,  150,  600  ohms  bol- 
oncod.  600  ohms  single  ended.  Motched 
internal  impedonces. 


I II  db, 0.1  db  steps 


SINGLE  DIAL  CONTROL 


FREQUENCY  RESPONSE;  Within  0.2  db.  30 
cps  to  15  kc,  beyond  meter,  at  oil  levels. 


Figure  1  —  Circuit  Structure  of  -hp-  206A  Generator 


quality  audio  circuits,  the  -hp-  206A 
dons  requiring  a  very  low  distorrion 
signal  of  known  amplitude. 

Full  details  available  on  request 

HEWLETT-PACKARD  CO. 

1640A  Page  Mill  Rood,  Polo  Alto,  California 
Export  Agents:  Frozor  &  Hansen,  ltd. 

301  Cloy  Street  •  Son  Francisco,  Calif.,  U.  S.  A. 


In  addition,  the  new  -hp-  206A  Gen¬ 
erator  includes  low -temperature 
coefficient  frequency  determining  ele¬ 
ments  for  high  stability  and  unvarying 
accuracy  over  long  periods  of  dme. 
A  precision  attenuator  varies  output 
signal  level  in  0.1  decibel  steps 
throughout  111  decibels. 

Resistance-tuned  Oscillator 

The  resistance-tuned  oscillator  is 
followed  by  an  automadcally  tracked 
amplifier  whose  high  selecdvity  re¬ 
duces  oscillator  harmonics.  Following 
the  1 1 1  db  attenuator  is  a  transformer 
which  can  be  matched  to  loads  of  50, 
150  and  600  ohms.  A  600  ohm  single- 
ended  output  is  also  provided  (  Fig.  1 ) . 

Specially  designed  for  testing  high 


DISTORTION:  Lott  than  0.1%  abovo  50  cpt. 
Lott  than  0.25%  bolow  50  cpt. 


HUM  LEVEL;  70  db  bolow  output  tignol.  or  100 
db  bolow  zoro  lovol. 


OUTPUT  METER;  Roodt  in  dbm  or  volh. 


AHENUATORS;  111  db  in  0.1  db  itopt.  Accu¬ 
racy  approximatoly  0.1  db. 
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of  lOOsT  for  extended  periods  or 
oUOg  for  short  periods. 

(1)  F.  R.  Michael,  Tube  Fallurea  In 
CNIAC,  £h.BCTSONica,  p  116,  Oct.  1947. 

(S)  ^ank  Rockett,  How’s  and  Why’s 
of  Aircraft  ’Tubes,  Aviation,  p  85, 

1947. 

(3)  Booklet  RSB-1000,  RCA  Special 
Red  Tubes,  Tube  Department,  Hanison, 
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Magnetic 'Leakage  Evaluated 
with  an  EHectrolytic  Tank 
By  F.  Levi 

Research  and  Design  Engineer 
Rola  CoiMany,Pty.  Ltd. 

Richmond^  Victoria,  Australia 

Leakage  and  useful  fluxes  in 
permanent-magnet  circuits  can  be 
determined  approximately  with  an 
electrolytic  tank.  A  model  of  the 
magnetic  circuit,  built  in  a  particu¬ 
lar  manner,  is  immersed  in  an  elec¬ 
trically  conductive  medium.  Suit- 


Experimental  equipment  for  electrolytic 
tank  testing  of  permanent  magnet  drcults 


able  voltages  are  applied  to  the 
parts  of  the  model,  and  the  result* 
ant  currents  measured.  These  cur¬ 
rents  are  nearly  proportional  to  the 
magnetic  fluxes.  In  this  way,  mag¬ 
netic  circuits  can  be  tested  prior  to 
their  actual  construction,  and  the 
effects  of  design  parameters  studied 
conveniently. 


One  of  the  newer  applications  of  Kinney  High  Vacuum  Pumps  is  the  auto¬ 
matic  vacuum  treating  of  sealing  oil  used  in  the  hydrogen  cooling  system 
of  large  turbine  generators.  Here,  the  low  pressure  treatment  constantly 
removes  water  and  entrained  gas  from  the  vital  oil  supply  to  assure  efficient 
sealing  of  the  hydrogen  system. 

For  compactness,  reliability  and  high  pumping  speeds, 

Kinney  High  Vacuum  Pumps  are  unsurpassed.  They  are 
serving  countless  industries  where  low  pressure  process¬ 
ing  simplifies  operations  and  cuts  production  costs. 

Among  their  better  known  applications  are 
exhausting  lamps  and  tubes,  sintering  alloy 
metals,  coating  lenses,  dehydrating  foods, 
producing  drugs,  etc.  Kinney  Single  Stage 
Vacuum  Pumps  produce  low  absolute  pres¬ 
sures  to  10  microns;  Compound  Pumps  to 
0.5  micron. 

Write  for  Bullefin  V45 


Basis  of  Method 


To  reduce  the  magnetic  circuit  to 
sufflciently  simple  form  so  that  the 
electrolsrtic  tank  can  be  easily  used, 
the  fundamentals  of  permanent- 
magnet  design  and  the  graphs  for 
empirical  estimation  of  two  leakage 
factors  presented  by  Underhill*  are 
used.  The  first  of  these  factors  is 

F  “  Total  Flux/  Useful  Flux 
and  it  is  governed  by  the  relative 
position  of  the  surfaces  of  the  mag¬ 
netic  circuit  as  well  as  by  the  differ¬ 
ence  of  magnetomotive  force  be¬ 
tween  them.  It  varies  between 
wide  limits,  about  from  2  to  20,  and 


KINNEY 
Single  Stage 
Vacuum  Pump 
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Here’s  a  brand>new  Telechron  synchronous  electric  motor 
that  will  find  many  important  uses  — an  accurate,  long-life  motor 
with  a  terminal-shaft  speed  of  1/2  rpni* 

This  latest  Telechron  model  was  developed  especially  for 
use  in  domestic  oil-burner  controls,  in  commercial  stokers  and 
oil  burners,  in  delayed-action  relays  in  industrial  control  mech¬ 
anisms.  It  is  readily  adaptable  to  many  timing,  switching,  record¬ 
ing  and  control  equipment. 

Like  all  Telechron  motors,  the  new  1/2  rpm  model  is  self¬ 
starting  and  reaches  synchronous  speed  almost  instantly.  Its 
conservative  torque  rating  insures  dependable  operation.  Since 
it  operates  in  perfect  synchronism  with  all  commercial  frequen¬ 
cies,  it  can’t  run  faster  or  slower.  Precision  engineering  and 
building,  coupled  with  Telechron ’s  exclusive  oiling  system,  assure 
years  of  trouble-free  service. 

For  over  25  years,  Telechron  has  been  the  largest  producer 
of  synchronous  electric  motors.  Every  one  is  Underwriters 
Laboratories  approved.  That’s  your  assurance  of  accurate  ser¬ 
vice,  low-cost  maintenance.  Why  not  let  Telechron  application 
engineers  answer  your  timing  questions?  Address  Motor 
Advisory  Service,  Dept.  M,  Telechron  Inc.,  Ashland,  Mass. 


Th0  ot^  fovoHtv  $yMchtoitovt  tnotof 
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Research  in  Nuclear  Physics  Always 
Involves  the  Problem  of 
Personnel  Protection 

As  thousands  of  others  have  done  use  a 
Minometer  or  a  Proteximeter 


MINOMETER 


The  Minometer  provides  a  pre> 
scription  for  computing  in  roent¬ 
gens  the  doily  exposure  to  radia¬ 
tion.  it  consists  of  o  small  compact 
string  electrometer  and  an  ioniza¬ 
tion  chamber  designed  in  the 
shape  of  a  fountain  pen  to  be 
carried  conveniently  in  a  pocket. 

The  chamber  value  is  0.2  r  full 
scale  vrhen  checked  against  the 
calibrated  scale  in  the  electrom¬ 
eter.  For  special  purposes  a  0.01  r 
and  a  0.001  r  chamber  are 
supplied. 


FIG.  1 — p<mstracttoa  of  magnot  modol  for 
UM  in  oloctrolytic  tank 


its  accurate  calculation  is  difficult.* 
The  second  factor,  defined  as 

MagneUmoties  Fores  Supplied 

.  _  _ by  the  Magnetje) _ 

^  MagmeUmotive  Force  Available 

across  the  Oap 

accounts  for  loss  of  magnetomotive 
force  through  the  soft  iron  parts 
usually  present  in  the  circuit.  It 
varies  usually  between  1.1  and  1.5 
and  can  be  computed  from  knowl¬ 
edge  of  the  magnetic  properties, 
cross  sections,  lengths,  and  induc¬ 
tions  of  the  soft  iron  parts. 

If  f  is  not  much  greater  than 
unity,  it  is  possible  to  obtain  experi¬ 
mentally  a  fairly  accurate  estimate 
of  the  ratios  of  the  various  fluxes  in 
the  circuit,  and,  in  particular,  of 
the  value  of  F  without  actually 
building  the  permanent  magnet.  To 
do  this,  one  builds  a  scale  model  of 
the  permanent  magnet  circuit  so 
that  all  the  surfaces  are  electrically 
conductive  and  so  that  there  is  on 
them  a  distribution  of  electrical 
potential  similar  to  the  distribution 
of  magnetic  potential  on  the  cor¬ 
responding  surfaces  of  the  mag¬ 
netic  unit.  The  model  is  then  im¬ 
mersed  in  the  electrolsrtic  tank  for 
measurement.  An  example  best 
illustrates  the  details  of  the  method. 

Estimating  Leakage  Flux 

To  estimate  the  flux  leakage 
factor  F  of  a  magnetic  circuit  con¬ 
sisting  of  a  horseshoe  magnet  and 
two  soft  iron  pole  pieces,  one  builds 
a  scale  model  as  shown  in  Fig.  1. 
The  pole  pieces  A  and  B  are  made 
either  of  a  conductive  material  like 
copper  or  of  an  insulating  material 
with  a  conductive  coating  such  as 
copper-plated  wood.  Two  copper 
shims  F  and  G,  cemented  on  the 
pole  pieces  and  insulated  from 
them,  cover  the  area  which,  in  the 
magnetic  circuit,  is  crossed  by  the 
useful  flux.  The  magnet  M  is  built 
of  insulating  material,  with  a  uni- 


PROTEXIMETER 


The  Protexifljieter  is  advantageous  in  moni¬ 
toring  scattered  x  rodiation  or  gamma 
rays  at  any  location  adjacent  to  the  radia¬ 
tion  source.  It  measures  such  sccrttering 
accumulatively  the  quantity  indicated  vis¬ 
ually  on  a  calibrated  meter  scale. 


The  scale  is  calibrated  in  milliroentgens 
with  full  scale  deflection  200  milliroentgens 

or  0.2  r,  which  is  double  the  accepted 

a 

value  for  a  daily  tolerance  dose.  The  ex¬ 
ternally  mounted  ionization  chamber  is 
hermetically  sealed. 


Available  Victoreen  radiation  measuring  instruments  cover 
the  entire  scope  of  nuclear  science  and  include  a  complete 
line  of  dosage  measuring  instruments  for  the  medical  field, 
the  247A  gamma  radiation  survey  meter,  the  263A  beta  and 
gamma  survey  meter,  scaling  circuits  and  rate  meters  and 
such  notable  components  as  the  YX  series  of  subminiature 
electrometer  and  voltage  regulator  tubes,  hi-meg  resistors  in 
a  range  of  100  to  10,000,000  megohms,  and  mica  window 
Geiger  counter  tubes,  all  specifically  designed  to  make  radia¬ 
tion  instrumentation  better. 


Deportment  A 


THE  VICTOREEN  INSTRUMENT  CO 

5806  HOUGH  AVE.,  CLEVELAND,  OHIO 
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Th«  O-I  iicctronic  Rapro* 
du«arj  which  mcisMlically  r«> 
craolas  the  full  recorded 
«ound,  derives  il<  magnetic 
held  from  o  O.E  SINTERED 
AINICO  5  permanent  magnet. 


ALNICO  5  magnets  can  save  valuable  space  in 
your  product.  You  can  usually  improve  your 
product  by  re-designing  to  use  nigh  energy  G-E 
SINTERED  ALNICO  5.  Typical  applications  now 
in  production  which  use  G-E  SINTERED  ALNI¬ 
CO  5  include  the  following:  meters,  relays,  foun¬ 
tain  pens,  electronic  reproducers,  and  compasses. 

ENGINEERING  SERVICE 

G-E  application  and  development  engineers, 
working  closely  together,  are  ready  to  advise  you 
on  new  SINTERED  ALNICO  5  and  other  G-E 
iflagnetic  materials.  Our  engineers  are  backed  by 
years  of  research  and  the  development  of  thou¬ 
sands  of  magnetic  applications.  They  will  be  glad 
to  work  with  you  on  your  product  design.  For 
more  information,  please  mail  the  coupon  shown 
below. 

YOU  GET  5  ADVANTAGES 

1 .  Higher  external  energy  than  either  SINTERED 
ALNICO  2  or  4. 

2.  Tensile  properties  are  several  times  greater 
than  CAST  ALNICO. 

3.  Excellent  surface  finish. 

4.  Close  dimensional  tolerances. 

5.  Intricate  shapes  possible. 


Actual  tlsa  af  O-E  SINTERED 
ALNICO  5  parmanant  mognat 
ucod  in  tha  6-E  Eloctranic  Ra- 
praducar  U  thawn  in  rod. 


NEW  ENGINEERING  DEVELOPMENT 

SINTERED  ALNICO  5,  General  Electric’s  newest 
magnetic  material,  now  enables  you  to  design 
intricate  shapes  with  higher  external  energy  than 
ever  before.  The  minimum  guaranteed  available 
energy  is  3,500,000  gauss  oersteds  for  most  sizes 
and  shapes.  New  G-E  SINTERED  ALNICO  5 
possesses  tensile  properties  several  times  those 
of  CAST  ALNICO  5  and  can  be  produced  eco¬ 
nomically  in  small  size  parts.  You  get  better  sur¬ 
face  finish  plus  closer  dimensional  tolerances 
with  new  G-E  SINTERED  ALNICO  5. 

NEW  DESIGNS  POSSIBLE 

New  SINTERED  ALNICO  5  has  higher  ex¬ 
ternal  energy  than  either  SINTERED  ALNICO  2 
or  4.  This  makes  possible  new  designs  heretofore 
impossible  or  impractical.  It  is  especially  adapt¬ 
able  where  small  powerful  magnets  having  high 
magnetic  properties  are  required.  Because  of  their 
great  stability  and  external  energy,  SINTERED 
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form  conductive  coating  of  suitable 
electrical  resistance  on  its  surface. 
The  surface  of  this  coating  is  elec¬ 
trically  conductive,  and  the  ends  C 
and  O  of  the  magnet  make  electrical 
contact  with  the  pole  pieces. 

One  then  connects  parts  A  and  F 
to  one  terminal  of  a  voltage  source, 
and  parts  B  and  G  to  the  other 
terminal,  shown  as  ground  in  this 
case.  A  current  /«  passes  through 
the  magnet,  the  magnet  acting  as  a 
potentiometer  owing  to  the  uniform 
distribution  of  resistance  along  its 
surface,  and  there  is  a  linearly  in¬ 
creasing  potential  from  D  to  C.  The 
distribution  of  electrical  potential 
on  the  surfaces  of  the  model  is  prac¬ 
tically  the  same  as  that  of  magnetic 
potential  on  the  corresponding  sur¬ 
faces  of  the  magnetic  circuit. 

If  the  model  is  immersed  in  a 
tank  containing,  for  example,  a  cop¬ 
per  sulphate  solution,  a  current  7, 
passes  from  shim  G  to  ground  and 
a  current  /,  passes  from  D  to 
ground.  These  currents  are  meas¬ 
ured  by  meters  inserted  as  shown. 
The  difference  between  7,  and  7,  is 
proportional  to  the  leakage  fluxes, 
and  7t  is  proportional  to  the  useful 
flux.  The  factor  F  is  then 
p  /i  4-  /»  —  /# 


I  M  I  ll  lUU  I 
snap  action  switch  made 


Th*  ACRO  Modal  con  bo  the  answer  to  the  designer’s  prayer 
because  it  can  be  slipped  in  where  no  other  switch  will  go.  But 
while  it  is  tiny,  it  is  truly  a  mighty  midget— delivering  long,  de¬ 
pendable  service  with  extreme  accuracy.  There  is  no  knife  blode 
or  bearing  action.  ACRO’s  exclusive  rolling  spring  principle  is  the 
key  to  its  performance  that  sets  it  apart  from  all  other  miniature 
switches.  Millions  of  ACRO  switches  ore  in  use  on  countless  products 
from  coin  operated  machines  to  aircraft  and  military  equipment. 
Many  variations  can  be  furnished.  Standard  Model  “M"  Und.  Lobs. 
Insp.  10  Amps  125  Volts  A.C.  Coin  Model  “M”  Und.  Lobs.  Insp. 
3  Amps  125  Vohs  A.C.  Circuits:  Single  pole,  double  throw,  normally 
open  or  normally  closed. 


The  accuracy  of  the  method  de¬ 
pends  largely  on  the  value  of  the 
factor  /.  The  surfaces  of  each  pole 
and  corresponding  shim  in  the 
model  are  equipotential  ones,  while 
the  soft  iron  parts  in  the  magnetic 
circuit  may  be  considered  approxi¬ 
mately  such  only  if  the  drop  in  mag¬ 
netomotive  force  from  the  ends  of 
the  magnet  to  the  pole  faces  carry¬ 
ing  the  useful  flux  is  small.  This 
error  can  be  eliminated*,  but  the 
complication  of  so  doing  seems  ex¬ 
cessive  compared  to  the  accuracy 
generally  required  in  magnetic  cir¬ 
cuit  design. 

The  change  in  linear  distribution 
of  the  potential  along  the  magnet 
by  currents  entering  and  leaving  its 
surface  when  it  is  immersed  is 
another  source  of  error.  However, 
experience  indicates  that  if  the 
original  (unimmersed)  current  7« 
is  about  five  times  the  total  addi¬ 
tional  current  due  to  leakages  from 
and  to  the  immersed  magnet,  the 
error  is  negligible.  On  the  other 
hand,  it  is  undesirable  to  make  the 
current  through  the  coating  exces¬ 
sively  large  compared  to  the  other 


No.  5L  L»af  Actwofer.  • 


MODEL  1-A 

This  original,  basic  ACRO  onclosod 
switch  is  furnishod  with  various 
typos  of  octucrtors  os  shown  at  right. 
Somo  havo  boon  tostod  to  ovor  two 
hundrod  million  actvcrtiens.  Und. 
Labs.  Insp.  10  Amps  125  VoHs  A.C., 
5  Amps  250  VoHs  A.C. 


No.  48L  Light  prmuvn  hinged  leaf.  * 


Write  for  details  and  give  us  any  problem  you  may  have, 

THE  ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


April,  1943— ELECTRONICS 


AIRCRAFT  FUEL  GAGE  SYSTEM 
BEATS  INSUUTION  DIFFICULTIES 


Producing  a  remote-registering  fuel  indication  system  for  the 
aviation  industry  —  one  that  performs  dependably  and  accurately 
throughout  the  temperature  range  facing  modern  aircraft,  is  undis¬ 
turbed  by  position  changes  of  the  ship,  and  that  offers  no  fire  or 
mechanical  hazard  through  being  in  contact  with  fuel  supply  —  is  an 
accomplishment  of  Minneapolis-Honeywell  Regulator  Company.  - 


SILICONE  insulation  was  selected  for  protective 
sleeving  on  leads  ta  the  coils  in  the  power  unit.  The 
well-known  outstanding  characteristics  of  SILICONE 
insulation  explain  its  superb  performance  in  this 
application. 

Vorglas  SILICONE  tubing  provides,  with  no  increase 
over  standard  wall  thickness,  dielectric  values  up  to 
7000  volts,  through  temperature  range  from  SOO'^F 
to  — SS^’F.  SILICONE  sleeving  likewise  retains  its  plia¬ 
bility,  moisture  and  oil  resistance,  non-flaming  nature, 
and  mechanical  strength  (greatest  of  any  accepted 
insulation  material)  through  this  temperature  range. 


Briefly,  the  gage  system  works  on  the  capacitance 
principle.  The  tank  units  are  actually  cylindrical  con¬ 
densers,  mounted  vertically  in  the  tank,  with  concen¬ 
tric  tubes  forming  the  plates.  The  gasoline  level  is  the 
some  between  the  plates  as  in  the  tank,  and  the 
change  in  liquid  level  causes  variation  in  the  ca¬ 
pacitance  between  the  electrodes.  A  balancing  poten¬ 
tiometer,  in  moving  to  equalize  voltage  between 
the  tank  unit  and  the  fixed  condenser,  moves  the 
pointer  in  the  indicating  head. 


In  choosing  materials  for  best  performance,  Varglas 


ition 
gnet 
g  its 
i  is 
5ver, 
the 
it  /• 
iddi- 
Tom 
the 
ther 
the 
ices- 
ther 


VARFLEX  CORPORATION 

308  N.  Joy  St.  Roim,  N.  Y. 

Pleat*  Mnd  me  folder  containing  free  samples  of  Vorglat 
SILICONE  products. 


If  you  have  insulation  difficulties 
that  usual  materials  cannot 
handle,  investigate  Varglas 
SILICONE.  Writ*  for  information 
and  samples  of  SILICONE,  as 
well  at  other..  Varflex  Sleeving 
and  Tubing.  Let  us  work  with  you 
on  special  problems. 


Company. 


Addreti 
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currents,  because  its  value  must  be 
subtracted  from  the  others. 

Practical  Detail* 

To>  reduce  polarization,  alternat¬ 
ing  voltage  is  used.  About  two 
volts  at  power  line  frequency  has 
proved  satisfactory.  The  currents 
can  be  measured  by  a  single  meter 
providing  that  switching  it  be¬ 
tween  positions  does  not  change  the 
potential  distributions. 

The  seme  of  the  model  is  imma¬ 
terial,  but  the  model  should  be  small 
compared  to  the  tank.  A  separa¬ 
tion  from  the  outside  surfaces  of 


Complete  .facilities  for  production  of 
transformers,  chokes  and  filters  in  large 
or  small  quantities.  Rigid  quality  con¬ 
trol  at  every  stage  of  manufacture  in¬ 
sures  absolute  conformance  with  all 
electrical  and  mechanical  specifica¬ 


tions.  Deliveries  can  be  timed  to  meet 
the  customer’s  production  requirements. 
Estimates  given  without  obligation — 
call  or  write  on  company  letterhead  for 
complete  information. 


POWER  TRANSFORMERS 

TO  YOUR  SPECIFICATION 

N.Y.T.  powei  transformers  are  produced  to  prac¬ 
tically  every  domestic  and  foreign  specification. 
An  experienced  engineering  staff  is  ready  to  co¬ 
operate  in  the  development  of  o  unit  to  meet  the 
requirements  of  your  equipment. 


230V 
50  CPS 


23.5  MA- 


AU  TYPES  OF  AUDIO  UNITS  .  .  . 
TRANSFORMERS,  CHOKES,  FILTERS 

N.Y.T.  engineers  ore  speciolists  in  the  design  ond 
production  of  audio  units  in  every  clossificotion. 
High-fidelity,  communication,  and  special  types 
can  be  supplied  in  any  size  or  shapet  with  or 
without  hermetic  sealing. 


NOTE 


OWING  TO  LARGE  CURRENTS  LEAVING 
MAGNET  SURFACE,  AND  NOT  RETURNING 
TO  IT,  CURRENT  IS  LOWER  AT  THE  ENO 
AFTER  IMMERSION,  AND  36.5  MA  SHOULD 
BE  SUBTRACTED  FROM  STM  A,  NOT  40  MA. 
RATIO  BETWEEN  CURRENT  PASSING 
THROUGH  THE  COATING  BEFOlTE 
IMMERSION  (40  MA)  AND  CURRENTS 
LEAVING  THE  MAGNET  SURFACE (EtlB.SMA) 
IS  ONLY  2.2,  CAUSING  AN  ERROR  OF 
ABOUT  10  PERCENT  IN  ESTIMATION  OF  F. 


FIG.  2 — Macuurement  of  o  aymmetrlcol 
magnet  model  to  determine  leokage  flmcee 


the  model  to  the  inside  surfaces  of 
the  tank  equal  to  about  three  times 
the  overall  dimensions  of  the  model 
is  a  minimum.  On  the  other  hand, 
it  has  been  found  that,  if  there  are 
small  air  gaps  in  the  actual  mag¬ 
netic  circuit,  it  is  better  to  make 
a  fairly  large  scale  model.  If  any 
gap  in  the  model  is  smaller  than 
about  0.125  inch,  voltage  should  be 
applied  only  for  brief  periods  and 
the  currents  read  as  quickly  as  pos¬ 
sible  when  the  model  is  immersed. 
Although  it  is  difficult  to  specify  a 
suitable  value  of  resistance  for  the 
coating  to  the  magnet,  about  100 
ohms  has  been  found  satisfactory. 
The  leakage  to  and  from  the  magnet 
can  be  adjusted  within  limits  by 
varying  the  concentration  of  copper 
sulphate  between  0.001  and  0.01 
normal  to  obtain  the  desired  condi¬ 
tions. 

Only  one-half  of  a  symmetrical 
circuit  is  necessary,  the  other  half 


SPECIAL  INDUCTIVE  COMPONENTS 
FOR  PULSE  MODULATION  A  RADAR 

N.Y.T.  offers  exceptional  ability  in  the  develoo- 
ment  and  manufacture  of  components  for  special 
applications  including  coupling  units,  transform¬ 
ers,  chokes  and  filters  for  pulse  time  modulation 
and  radar  circuits. 


INDUCTANCE  DECADES 

N.Y.T.  inductance  decades  are  available  with  total 
inductances  of  from  .01  henry  to  1(XX)  henries. 
Values  ore  accurate,  characteristics  permanent  and 
design  is  convenient.  Series  200  is  recommended 
for  bridge  and  low  Level  Filter  Circuits;  Series  3(X) 
for  Laboratory,  Shop  or  Test  Bench  use.  Literature 
available  on  request. 


NEW  YORK  TRANSFORMER  CO.,  INC. 

GENERAL  OFFICES:  39  CHAMBERS  ST.,  NEW  YORK  7,  N.  Y.-PLANT:  ALPHA,  NEW  JERSEY 
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CERAMIC  AND  MANUFACTURING  CO 


our  components 


'  your  costs 


u  highest  quaiity  in 

•  MECHANICAL  STRENGTH 

•  DIMENSIONAL  ACCURACY 

•  ELECTRICAL  PROPERTIES. 


Your  production  costs  can  be  materially  reduced — and  your 
products  simultaneously  improved — by  standardizing  on 
STUPAKOFF  CERAMICS!  Dimensionally  accurate,  cleanly 
made,  and  mechanically  strong,  they  speed  assembly  of 
your  components.  Highest  quality  in  electrical  properties 
insures  top  performance  of  your  products. 

Extensive  experience  in  the  design  and  manufacture  of  a 
wide  variety  of  ceramic  parts  gives  the  Stupakoff  organiza* 
tion  a  fund  of  information  that  can  be  useful  to  you  in 
reducing  costs  and  improving  performance.  We  will  gladly 
place  our  knowledge  at  your  disposal. 


CabI*  Addr*tst  Stupakoff,  Lotroba,  ffo. 


THf  ILECTtON  ART  (cMtiaMR' 

being  replaced  by  a  condnetiTe 
plate.  Figure  2  shows  a  magnetic 
circuit  that  was  tested  in  this  way. 
The  model  was  built  so  that  an  esti¬ 
mation  of  F  and  also  of  ratios  of 
the  fluxes  entering  and  leaving  the 
various  soft  iron  parts  and  hence  of 
f  could  be  made. 

The  coating  for  the  magnet  pre¬ 
sented  difflculty,  but  Radio  Corp., 
Pty.  Ltd.  (Australia)  coated  the 
models  satisfactorily  with  the  pro¬ 
cess  used  by  them  for  manufactur¬ 
ing  volume  controls.  A  reasonably 
satisfactory  coating  may  also  be 
obtained  by  painting  a  wooden 
model  with  nhenolic  base  lacquer 
ana.  while  the  surface  is  still  wet, 
applying  a  fairly  coarse  bronze 
powder.  The  model  is  then  baked 
in  an  oven  until  the  lacquer  is 
cured. 

Although  this  electrolytic  tank 
method  for  studying  permanent 
magnet  circuits  has  given  fairly 
satisfactory  results,  it  is  still  in  the 
experimental  stages.  Extensive 
testing  of  the  method  and  an  easy, 
inexpensive  means  of  constructing 
the  model  are  needed.  Although  Dr. 
A.  Edwards*  has  suggested  the  use 
of  the  electrolytic  tank  for  estimat¬ 
ing  leakage  flux  in  magnetic  cir¬ 
cuits,  it  is  believed  that  the  compu¬ 
tation  of  F  from  simple  measure¬ 
ments  of  currents  has  not  hereto¬ 
fore  been  presented.  The  author 
acknowledges  the  helpful  co-opera¬ 
tion  of  T.  P.  Strickland,  A.  F.  B. 
Nickson,  and  C.  M.  Gray. 


Iff 


Faradav's  Great 
Horse-shoe  Magnet 


In  1917  COTO-COIL 
was  born . . . 


Por  30  years  Coto-Coil  has  been  wind- 
ing  coils  which  have  helped  make 
practical  theories  first  demonstrated  by 
Faraday  150  years  ago.  Our  modern 
facilities  and  "know. how"  can 
provide  the  windings  you 
need.  We  shall  be  -4^/ 

glad  to  quote. 


E.  M.  Underhill,  Permanent  Mat* 
net  Desian,  EuKTntONics,  p  126,  Dec.  1941. 
and  DeelKningr  Stabilised  Permanent  Mhr- 
neta  Elbctronics,  p  118,  Jan.  1944. 

(S)  S.  Ehrershed,  Permanent  Manets  la 
Theory  and  Practice,  The  Jour,  of  the  Inet 
of  Bleo  Bngre,  6S,  p  780,  1920;  68.  p  Til. 
1926. 

( 8 )  Discussion  on  a  paper  by  D.  J.  Des¬ 
mond,  The  Ek»nomie  Utifixatlon  of 
Modem  Permanent  Manets,  The  Jour  of 
the  Inet  of  Bleo  Bngre,  Part  II.  99,  p  148. 

(4)  B.  O.  Willouahby,  Some  Applica¬ 
tions  of  Field  Plotting,  The  Jour,  of  the 
Inet  of  Elect  Bngre,  Part  III  98.  na  24. 
p  288,  July  1946. 


SURVEY  OF  NEW  TECHNIQUES 

Glass-metal  vacuum  seals  of 
large  diameter,  and  automatic  cath¬ 
ode-ray  tube  assembly  machinery 
developed  by  RCA  engineers  may 
make  possible  economical  produc¬ 
tion  of  a  16-inch  metal-walled  kine¬ 
scope  having  a  125  square  inch  pic¬ 
ture  area.  It  is  believed  that  tiie 


COTO-COIL  CO.,  INC 

coil  SPECIALISTS  SINCE  1917 
65  Pavilion  Ave.#  Providence  5,  R.  I. 
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DEDICATED  TO 
THE  CONSTANT 
BETTERMENT 
OF  SOUND 


ALTEC  LANSING  SCIENTISTS  DISCLOSE 
BASIC  IMPROVEMENTS  IN  HIGH  QUALITY 
SOUND  REPRODUCTION  IN  NEW  SPEAKERS 


Altec  Lansing  Corporation, 
one  of  the  world's  largest 
makers  of  professional  and 
theatre-type  speaker  systems, 
has  announced  a  new,  basic¬ 
ally  improved  line  of  general 
purpose,  high  quality 
speakers.  Altec  scientists  call 
attention  to  the  fact  that  these 
new  speakers, — constituting  a 
complete  new  line — have  bwn 
fundamentally  re-engineered, 
and  are  the  result  of  the 
application  of  new  scientific 
discoveries  resulting  from  in¬ 
tensive  ori^nal  research  in 
Altec  Lansing  laboratories; 
they  are  not,  it  is  emphasized, 
mere  modifications  or  "re¬ 
working"  of  present  models. 
The  new  line  of  speakers  is 
offered  “with  the  fullest  con¬ 
viction  that  never  before  has 
such  a  superb  group  of 
speakers  been  presented  to  a 
discriminating  and  quality¬ 
conscious  public." 


^  NEW  MODEL  604B  DUPLEX  SPEAKER  SHOWS 
REMARKABLE  EFFICIENCY  AND  PERFORMANCE 


Authorities  on  sound  quality — 
the  experts  in  the  broadcasting, 
recording,  and  motion  picture  in¬ 
dustries — who  considered  the  pre- 
vious  Altec  Lansing  Duplex 
speaker  (the  604)  as  the  nnest  two- 
way  speaker  unit  that  science  has 
produced,  were  literally  thunder¬ 
struck  when  they  listened  to  “pre¬ 
views”  of  the  new  improved  Model 


6<)4B.  Among  outstanding  new  fea¬ 
tures  are:  1,000  cycle  crossover 
frequency  using  the  new  N-IOOOB 
network  with  adjustable  high  fre¬ 
quency  control;  an  exclusive  Altec 
Lansing  development  used  with 
the  high  frequency  metal  dia¬ 
phragm  to  smooth  the  frequency 
response  beyond  belief  from  1,000 
cycles  to  16,000  cycles. 


SPECIFICATIONS 


Angle  of  Horizontal 

Distribution . 

Angle  of  Vertical 

Distribution . 

Power  Rating . 


Network  Impedance 
Required  Amplifier 
Output  Impedance 

Diameter  . 

Depth  . 

Weight  . 


16  ohms 


8-16  ohms 
15-3/16' 
11^' 

40  lbs. 


40» 

30  watts 


NEW  603B  MULTICELL 
DIA-CONE  SPEAKER 


FREQUENCY  RESPONSE 
CURVES  PUBLISHED  IN 
ILLUSTRATED  BROCHURE 


NEW  8^'  MODEL  400  B 
DIA  CONE  SPEAKER 


NEW  MODEL  600  B 
DIA-CONE  SPEAKER 


The  new  603B  Multicell  DIa-cone 
speaker  is  as  superior  to  the  origi¬ 
nal  603  Model  as  the  603  was  supe¬ 
rior  to  its  competitors.  The  new 
603B  has  a  30%  larger  Alnlco  V 
permanent  maraet ;  massive  circu¬ 
lar  magnetic  circuit;  almost  100% 
increase  in  acoustic  efficiency  (2.5 
db  increase  over  the  603). 


A  low-priced  high  quality  unit 
with  a  much  higher  efficiency  than 
is  found  in  ordinary  8'  speakers: 
important  in  use  with  amplifier  ca¬ 
pable  of  delivering  only  from  6  t>r 
6  watts.  Exceptionally  high  power 
rating  results  from  Altec  Lansing 
design  and  use  of  a  large  Alnlco  v 
permanent  magnet. 


“Greater  quality  per  dollar”  de¬ 
scribes  the  new  low-priced  high 
quality  60OB  Dia-cone  speaker 
unit.  Because  of  the  high  efficiency, 
small  space  requirements,  light 
weight  and  superior  quality  of  re¬ 
production.  the  600B  is  ideal  for 
home  use.  sound  reinforcement  sys¬ 
tems  and  Industrial  applications. 


With  the  announcement  of 
the  new  line  of  epeakera,  Altee 
Lansing  announces  that  fre~ 
quency  response  curves  will 
be  published  on  all  its 
speakers.  These  curves  are 
guaranteed  to  be  accurate,  de¬ 
pendable  and  true  reproduc¬ 
tions,  made  on  production  run 
speakers  with  equipment  used 
^  Motion  Picture  Research 
Council  for  establishing 
swaker  system  standards  in 
the  motion  picture  industry. 


SPECIFICATIONS 

Angle  of  Horizontal 

Distribution . 60* 

Angle  of  Vertical 

Distribution  . 40* 

Power  Rating . 25  watts 

Voice  Coil  Impedance.  .8  ohms 
Required  Amplifier 
Output  Impedance. . .  .6-10  ohms 
Voice  Coil  Diameter. . .  .3" 

Weight . 18  lbs. 

Speaker  Diameter . 15-3/16* 

Depth  . 7' 


SPECIFICATIONS 

Power  Rating . 12  watts 

Voice  Coil  Impedance. .  8  ohms 
Required  Amplifier 
Output  Impedance  ...4-8  ohnns 
Voice  Coll  Diameter. . .  .1%' 

Speaker  Diameter . 8^' 

Sjrcaker  Depth . 3H' 


SPECIFICATIONS 

Power  Rating . 20  watts 

Voice  Coil  Impedance.  .8  ohms 
Required  Amplifier 
Output  Impedance  . . .  6-10  ohms 
Voice  Coil  Diameter. . .  .^ 

Speaker  Diameter . 1214' 

Depth  . 5*4' 

Weight  . 12  lbs. 


NAME . 

BUSINESS 
ADDRESS... 
CITY . 


BSE  ADDRESS  NEAREST  YOB:  | 
250  W.  57th  St.,  Ndw  Yark  II  I 
1161  N.  ViRD  St..  Fillywasi  31  J 
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NORTHERN  ' 
COMMUNICATIONS 

MANUFACTURING  COMPANY 

210  E.  40th  STREET 
L  NEW  YORK  I6,N.Y.  i 


THE  ELECTRON  ART  (continuMl) 

tube,  using  magnetic  deflection,  has 
a  conventional  base,  glass  neck 
around  the  electron  gun,  and  glass 
face,  but  a  metal  flare.  Using  metal 
for  the  flare  has  three  chief  ad¬ 
vantages  over  glass:  the  envelope 
is  considerably  lighter  for  the  same 
strength,  is  conducting  (without 
needing  an  Aquadag  coating),  and 
provides  magnetic  shielding.  The 
16-inch  tube  is  only  a  few  inches 
longer  than  10-inch  tubes.  From 
the  engineering  test  samples  of  this 
new  construction  that  have  been 
made,  it  appears  that,  after  it  has 
been  in  production  for  a  few  years, 
the  cost  will  be  comparable  to  the 
current  price  of  10-inch  tubes.  Part 
of  the  million-dollar  expansion  of 
the  RCA  Lancaster  plant  will  pro¬ 
vide  facilities  for  its  production. 
For  television  receiver  designers, 
this  tube  offers  a  new  technique  for 
providing  a  screen  size  between  the  ] 
popular  10-inch  directly  viewed  and 
the  larger  projected  picture. 

Detonations  are  studied  by  record¬ 
ing  light  intensity  and  Sound  wave 
produced  by,  the  explosion.  The 
pickup  contains  a  photocell,  pro¬ 
tected  by  an  opal  glass  screen,  with 
its  correction  filter,  a  carbon  micro¬ 
phone,  associated  calibration  and 
control  components,  and  cathode- 
follower  output.  A  container  of  Sil- 
ica-Grel  prevents  misting  of  the 


give  greater  stability, 
longer  life  to  tubes 
for  eiectronic  beating 


Marketwise  tube  manufacturers,  alert 
to  new  developments,  are  using  Speer 
Graphite  Ancles  in  the  tubes  they 
make  for  electronic  heating  equip¬ 
ment. 

The  only  real  low  temperature 
anode,  graphite  gives  tubes  ^ese  bet¬ 
ter  operating  characteristics: 

•  Higher  safety  factor  when 
overloaded 

•  Longer  life  under  continued 
severe  service 

•  Greater  stability  of  associated 
tube  parts 

Graphite  anode  tubes  are  equally  well 
suit^  for  diathermy  work,  or  for 
almost  any  other  power  amplification 
assignment  at  any  frequency,  includ¬ 
ing  VHP.  Look  for  graphite  anodes 
when  you’re  looking  for  cooler,  more 
efficient  tube  operation. 


Light  and  sound  pickup  is  mounted  on  an 
ontiTibrotion  chassis 

window.  The  signals  are  fed  to  an 
Avimo  (England)  six-channel  oscil¬ 
lograph  using  1.5-inch  cathode-ray 
tubes  in  mu-metal  shields.  The 
traces  are  reflected  by  mirrors  to 
standard  70-mm  perforated  record¬ 
ing  film  or  paper.  A  15-channel 
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What’s  your  problem? 

Fine  Wire?  Tungsten?  Molybdenum? 


Problem  1 


MR.  N.  AMMELLING  needed  339,000  feet  of  .001 
enamelled  copper  wire.  He  called  North 
American  Philips  and  in  good  time  received 
a  one-pound  package ...  his  64  miles  of 
wire  enamelled  to  his  specifications. 


Mn 


iHkUii 


Problem  2 

Mr.  N.  O.  Emission,  II,  required  plated 
grid  wires.  He  solved  his  problem  with 
a  call  to  Fine  Wire  Headquarters.  We 
shipped  him  some  gold  plated  tungsten 
and  molybdenum  wires.  Result:  no  sec¬ 
ondary  emission. 


Problem  3 

MR.  E.  LONG  GATE  wanted  a  quantity  of  Fine 
Wire  to  meet  close  specifications  for  ten¬ 
sile  strength  and  elongation.  Calling  Fine 
Wire  Headquarters,  he  soon  received  the 
order,  filled  to  his  exact  specifications. 


the  answer 


WHY  not  call  Fine  Wire  Head¬ 
quarters  when  you  have  a  ques¬ 
tion  about  fine  wire?  We  can't  do  the 
impossible,  but  we  can  do  lots  of 
things  that  can  bring  you  the  right  fine 
wire  for  the  job. 


So — when  you  have  a  problem  on  Fine 
Wire,  Tungsten  or  Molybdenum — wire, 
phone  or  write  to  North  American 
Philips,  makers  of  NORELCO  Fine  Wires, 
and  ELMET  Tungsten  and  Molybdenum 
products. 


NORTH  AMERICAN  PHIUPS  COMPANY,  INC. 

Dept.  E4, 100  East  42nd  St,  New  York  17,  N.  Y. 
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THE  ELECTKON  ART 


LET j/fmhew  DO  IT! 


The  Monona  Broadcasting  Company, 
Madison,  Wisconsin,  had  the  money 
but  no  station.  Faced  with  "impos¬ 
sible"  allocation  difficulties,  they  called 
on  Andrew  engineers,  who  succeeded 
in  finding  a  frequency  and  designing 
a  directional  antenna  system.  Thus, 
WKOW  was  born.  Within  ten  months 
after  the  construction  permit  was 
granted,  Andrew  engineers  completely 
designed,  built,  tuned,  and  proved  per¬ 
formance  of  a  six-tower  10  kw.  station 
—  an  unusually  difficult  engineering 
feat  accomplished  in  record-smashing 
time.  A  complete  "package”  of  Andrew 
transmission  line  and  antenna  equip¬ 
ment  was  used,  again  emphasizing  An¬ 
drew’s  unique  qualifications:  Complete 


engineering  service  with  unsurpassed 
equipment. 

Mr.  Harry  Packard,  General  Man¬ 
ager  of  WKOW,  wrote: 

"Speaking  for  the  entire  staff  of 
WKOW,  I  would  like  to  congratulate 
the  Andrew  Corporation  on  the  re- 
markable  engineering  job  it  performed 
in  helping  us  get  WKOW  on  the  air. 

We  feel  that  the  technical  perfection 
of  our  installation  is  due  in  great  part 
to  the  efficiency  of  Andrew  equipment 
and  engineering  service. 

In  particular  we  wish  to  thank  Mr. 
Walt  Kean  of  the  Andrew  Broadcast 
Consulting  Division  who  was  respon¬ 
sible  for  conceiving  and  designing  the 
installation,  supervising  construction 
of  all  antenna  equipment,  and 
doing  the  final  tuning  and  cov¬ 
erage  surveys." 

A  total  of  13,618  feet  of  An¬ 
drew  transmission  line  and 
complete  phasing,  antenna  tun¬ 
ing,  phase  sampling  and  tower 
lighting  equipment  went  into 
this  job,  complementing  the 
best  in  engineering  with  the 
ultimate  in  radio  station  equip¬ 
ment. 

So,  just  write  Andrew  when 
you  are  ready  to  enter  the 
broadcasting  field.  Andrew  will 
get  you  on  the  air. 


m  CORPORATION 
ib2  _[AST  75th  STREET  CHICAGO  19 

TRANSMISSION  LINES  FOR  AM.  FM.  TV  -  DIRECTIONAL  ANTENNA  EQUIPMENT  •  ANTENNA 
TUNING  UNITS  •  TOWER  LIGHTING  EQUIPMENT  •  CONSULTING  ENGINEERING  SERVICE 


THE  ELECTRON  ART  (cowtiiiiMd) 

oscillograph  using  the  same  prin¬ 
ciple  can  be  used  if  more  data  is  to 
be  recorded. 

EL^tmtONlC  TUBE  MATERIALS  having 
high  melting  or  fusing  tempera¬ 
tures  are  being  investigated  by  J. 
J.  Mason  at  the  Westinghouse 
Lamp  Research  Lab.  The  powdered 
material  is  heated  under  pressure 
by  high-frequency  current  flowing 


High  melting  point  motorioli  or*  iuiod  in 
a  high-temperoture  high-irequoncy  iurnaca' 

in  an  applicator  ring  encircling  the 
{  crucible  in  which  it  is  contained. 
Tungsten  is  used  for  applicator  coil 
and  crucible  because  its  melting 
point  is  higher  than  the  4,700  F  to 
which  the  test  materials  are  heated. 
The  research  is  directed  toward  im- 
j  proving  electronic  tubes. 

Ceramics  for  use  as  dielectrics  in 
capacitors  were  used  in  Germany. 
One  such  ceramic  consisting  of  95 
parts  by  weight  of  titanium  dioxide, 
5  parts  bentonite,  and  2  parts  tung¬ 
sten  trioxide  has  a  dielectric  con¬ 
stant  of  90  to  95  and  a  power  factor 
at  one  megacycle  of  0.03  to  0.05.  It 
was  made  into  tubular  and  disc 
capacitors  of  4,  8,  and  12-mm  diam¬ 
eter  and  0.8,  0.4,  and  0.6-mm  wall 
thickness.  The  ceramic  is  metallized 
to  form  the  capacitor.  Inductors 
were  also  formed  by  metallizing 
ceramic  bases  (PB-81277,  mimeo¬ 
graph  $0.50;  earlier  OTS  reports 
on  the  German  ceramic  practices 
are  PB-6494  mimeograph  $1.00,  and 
PB-18776  mimeograph  $3.75). 
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INDUSTRIAL  HIGH  VACUUM  COATING  UNIT  NO.  3103 


This  High  Vacuum  Coating  Unit  is  designed  for  low-cost  production  of  evapo- 
rated  films  on  glass  and  plastics. 

The  capacity  of  the  stainless  steel  tank— 48"  diameter,  48"  long— makes  possible 
processing  of  large  batches  and  large  pieces  on  a  production  basis. 

The  pumping  system  has  ample  speed  to  handle  the  outgassing  of  plastics  and 
consistently,  maintains  rapid  coating  cycles. 

For  further  details,  write  VACUUM  ENGINEERING  DIVISION,  National 
Research  Corporation,  Boston  15,  Massachusetts. 

Cy^HIGH  VACUUM  FOR  INDUSTRY 

NATIONAL  RESEARCH  CORPORATION 
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ELECIRIC 

CONTROLS 

ARE 

RESULT- 

ENGINEERED 

FOR 


IMim  desiga  mhI  spriiio  satpMsiM  preftat 
it  ia  tMs  Ward  Leonard  Relay 

The  generous  wipe  imparted  to  the  con¬ 
tacts  of  Ward  Leonard  Heavy  Duty  (105) 
Relay  by  its  unique  design  and  spring 
suspension,  results  in  freedom  from  con¬ 
tact  "freezing”  or  welding. 

This  mighty  midget  will  perform  motor 
starting  functions  ordinarily  assigned  to 
larger  relays. 

Ward  Leonard  relays  are  "Result-En¬ 
gineered”.  By  modifying  a  basic  design. 
Ward  Leonard  can  give  you  the  results  of 
a  special . . .  for  the  price  of  a  standard. 
Write  for  Relay  Catalog.  Ward  Leonard  Elec¬ 
tric  Co.,  31  South  St.,  Mount  Vernon,  N.  Y. 
Offices  in  principal  cities  of  U.  S.  and  Canada. 


clutch  mechanism.  Sound  in  the 
microphone  starts  the  recorder 
which  maintains  operation  for 
about  5  seconds  after  the  cessation 
of  sound.  It  is  fully  described  in 
catalog  4901. 


Test  Oscillator 

Hewlett-Packard  Co.,  395  Page 
Mill  Rd.,  Palo  Alto,  CaliL  Model 
650A  resistance  tuned  oscillator  has 
an  output  which  is  flat  within  1  db 
from  10  cycles  to  10  me.  Voltage 


rmge  is  0.00003  to  3  volts.  Output 
impedance  is  600  ohms,  but  a  6-ohm 
impedance  may  be  had  through  an 
output  voltage  divider  supplied 
with  the  instrument. 


Scaler 

Tracerlab,  Inc.,  56  Oliver  St.,  Bos¬ 
ton  10,  Mass.  Type  64  scaler  for 
radioactivity  measurements  uses 
Duoscale  plug-in  units  incorporat- 
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RESISTORS  •  RHEOSTATS  •  RELAYS  •  CONTROL  DEVICES 


ELECTRIC  COMPANY 
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pUSflCOH 

c^p^cnoRS- 


1.  3iore  Economical 

2.  Smaller  ^Lighter 

S*  Better  Electrical  Characteristics 


1.  MORE  ECONOMICAL 


LU»  Pric*  List  Pries 

PAPER  CAPACITOR  PLASTICON  AOC 


1000 

2000 


3000 


48.73 


Ab«v«  or*  typical  cxomplss. 


PLASTICONS  ar«  the  resalt  ef  teehnological  advances 
ntanafactnre,  give  better  perfarntaace. 


$4.51 


4.43 


7.38 


6.04 


7.48 


cast  less  ta 


2.  SMALLER -LIGHTER 


Approx.  Woight 


Approx.  Cubic  DImtntiont 

PAPER 

CAPACITORS 

PUSTICONS 

31  cw.  in. 

30  cu.  in. 

31 

23 

31 

19 

21 

19 

70 

40 

3.  BEHER  EUORKAL  CHARAOERISTICS 


Paptr  Capodtort 


Pewtr  Factor  at  15  C 


Capocitanco/Tomp.  — 40°C=73%  — 40  C  =  M% 

100%  at  25“  =}=t5“C  =  P7%  -pS5“C=103% 


PLASTICON  CAPACITORS  givon  aro  Typo  AOC,  minoral  oil-fillo4. 
PLASTICON  ASC  silicono-filltd  havo  bottor  charactorlstics. 

Popor  Capacitors  givon  aro  chlorinotod  diphonyl  imprognotod. 


^^i^^ondenser  products  {'^ompang 

1375  NORTH  BRANCH  STREET  •  CHICAGO  22,  ILLINOIS 
MANUFACTURERS  of  GLASSMIKE  CAPACITORS  and  HIGH  VOLTAGE  POWER  SUPPLIES. 
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wants 


Here  is  a  bird  that  can 
talk.  But  does  that 
moke  him  smart?  Not  at 
all. 

For  example  —  when  he 
asks  for  a  cracker,  does 
he  specify  what  kind  of  a 
cracker  —  what  flavor, 
what  make?  No!  And  that 
makes  him  a  dumb  bird. 
There  are  hundreds  of 
kinds  of  crackers,  from 
Saltines  to  Pilots,  and  he 
certainly  must  like  some 
one  kind  best.  Does  he  ask 
for  it?  Never!  He  just  says 
"Cracker". 

To  get  what  you  want, 
you  have  to  be  specific. 
That  applies  to  lots  of 
things,  including  crackers 
and  Mica.  When  you  want 
the  best  Mica,  specify 
MACALLEN  Mica.  That 
means  more  than  just  the 
product  —  it  also  means 
the  service  back  of  the 
product  —  capacity,  expe¬ 
rience,  policy,  responsibil¬ 
ity  —  all  of  these  things 
are  expressed  in  the  word 
MACALLEN.  Say  it,  write 
it  into  specifications  and 
on  requisitions. 


MACALLEN  MICA  £ 

^  ALL  FORMS,  ALL  QUANTITIES  —  ALL  DEPENDABLE  ^ 


when  you  think  of  MICA,  think  of  MACALLEN 
THE  MACALLEN  COMPANY  •  16  MACALLEN  ST..  BOSTON  27.  MASS. 

CHICAGO!  565  W.  WASHINGTON  BlVD.  •  CltVClANDi  123  J  SUHKIOK  AVf. 


ing  the  Higginbotham  circuit.  A 
selector  switch  allows  the  output  of 
any  scale  from  8  to  64  to  be  con¬ 
nected  to  the  panel-mounted  count¬ 
ing*  register.  Resolving  time  of  the 
scaling  unit  is  better  than  5  micro¬ 
seconds. 


Oscilloscope 

Tektronix,  Inc.,  Portland,  Oregon. 
The  Vollum  portable  cathode-ray 
oscilloscope  weighs  65  pounds  and  is 


capable  of  observing  frequencies  as 
high  as  10  megacycles.  In  use  by 
a  number  of  research  laboratories, 
the  instrument  is  inexpensive. 


Television  Test  Generator 

Radio  Corp.  of  America,  Camden, 
N.  J.  Grating  generator  type 
WA-3A  produces  a  pattern  of  hori¬ 
zontal  and  vertical  bars  on  a  kine¬ 


scope  screen  to  aid  in  determining 
correct  linearity  alignment  of  de¬ 
flection  circuits  for  picture  and 
camera  tubes.  Polarity  of  the 
blanking  signal  can  be  changed  to 
permit  use  of  the  generator  in  any 
video  system. 


Radiation  Indicator 

Instrument  Development  Labor¬ 
atories,  229  W.  Erie  St,  Chicago 
10,  Ill.  Model  3360  pocket  dosi* 
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Yes!  We  think  ifs  the  best  yet  We  Mnk  this^;  V 
transmitter  ideal  for  such  applications  as  Police,'  ^ 

Forestry,  Airport  Traffic  Control,  Oil  Fields,  > 

'  '' 

Aerophare,  Beacons,  Explorations,  Public  Utilities,  ^ 
Mining,  Emergencies  and  Point-to-Point  : 

r  '  ' '' 

requirements.  It  can  be  controlled  either  locally 
or  from  remote  position;  either  for  telephone  (A-3) 
or  telegraph  (A-1  or  A-2)  service  ...  it  is  v  ' 
compact  complete  and  design^  for  hard  service. 


Other  Equipment  made  and  designed  by  Aero- 
com:  Models  VH-5()  and  VH-2(H)  transmitters, 
operating  range,  118-165  Mrs.  (crystal  controlled ), 
power  50  and  200  ff  atts  respectively;  Model 
12ACX-2A,  1  Kw,  dual  channel  radio  telegraph 
transmitter  for  medium  and  high  frequencies 
(1.6  to  24  Mcs.  );  Model  GM-8  motlulator  when  used 
with  above  provides  full  modulation  with  a  750  JVatt 
carrier.  Complete  Engineering  data  on  Request. 


i«i  50HXS 


Radiotelegraph  or  telephone  Transmitter  output  75 
Watts  (A-1);  50  Watts  (A-2  or  A-3)  Fretpiencies  200-500 
Kcs.  and  1.6-13.5  Mcs.  using  plug  in  coils  and  crystals. 

A  complete  compact  self-contained  unit. 

CONSL  LTANTS.  DESIGNERS  AND  MANI  FACTLRERS  OF  STANDARD  OR  SPEC- 
i  lAL  ELECTRONIC,  METEOROLOGICAL  AND  COMMI  NICATIONS  EQUIPMENT. 
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EQUIPMENT  FOR  MARKING  •  GRADUATING  •  EMBOSSING  •  NUMBERING 


PRODUCTS 


meter  indicates  the  amount  of  ra- 
dio-activily  in  milliroentgens,  to 
which  the  carrier  of  the  instrument 
has  been  exposed.  It  is  read  by 
looking  through  a  cupped  eyepiece 
toward  a  light  source. 


•  FASTIR 

•  BETTER 

•  CHEAPER 


Pressure  Transducer 

G.  M.  Giannini  &  Co.,  Inc.,  285 
West  Colorado  St.,  Pasadena  1, 
Calif.  Type  4713  pressure  trans¬ 
ducer  operates  in  the  range  of  plus 
or  minus  20  inches  of  water.  A 


Don’t  let  obsolete  marking  methods  or 
equipment  slow  down  your  operations  when 
production  is  the  one  big  hope  of  lowering 
costs.  The  new  Noblewest  production  mark¬ 
ing  madiines,  such  as  Model  157  (illus¬ 
trated)  have  been  developed  especially  to 
meet  industry’s  demand  for  higher  marking 
speeds  and  lowest  cost  per  unit  marked. 
Leading  manufacturers  of  electronic  prod¬ 
ucts  and  their  component  parts  are  saving 
time  and  money  every  day  with  these 
superior  marking  machines.  Whatever  you 
make — in  metal,  plastic,  hard  rubber,  etc. — 
chances  are  you  too  can  mark  it  faster,  bet¬ 
ter,  cheaper  with  Noblewest.  There’s  no 
obligation  to  find  out.  Just  write  Noble  & 
Westbrook  Manufacturing  Co.,  27  West- 
MODEL  28<— Tooled  for  maiidng  brook  Street,  East  Hartford  8,  Conn. 

capadton.  The  complete  inscriptioo 
it  permanently  rolled  in,  lasts  at 
long  at  produa  itself. 


bellows  is  connected  by  mechanical 
means  to  a  potentiometer  such  that 
large  voltage  variations  are  en¬ 
countered  for  extremely  small 
changes  in  pressure.  The  device 
weighs  less  than  3  ounces. 


MODEL  24d  — Tooled  for  matkliig 
on  alumini^  condenser  para.  Pro- 
duaion  speM  60  to  70  pieces  per 
minute. 


Radioactivity  Scaler 

Instrument  Development  Labs., 
223  West  Erie  St.,  Chicago  10,  Ill. 
Model  165  scaler  operates  on  im¬ 
pulses  from  a  Geiger-Mueller 
counter  which  actuates  a  built-in 
register  once  for  each  64  impulses 
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Belter  Tubes— Longer  Life— Increased  Production  through 
DPI  HIGH-VACUUM  ENGINEERING 


Your  present  rOtary  exhaust 
machines  can  be  completely 
automatic  in  operation,  yielding  in¬ 
creased  production  for  any  size  tube. 

Converted  to  DPI  vacuum  equip¬ 
ment,  your  machines  will  have  a 
fractionating  oil  diffusion  pump  and  a 
small  mechanical  pump  under  each  sep¬ 
arate  port.  Tubes  are  rough  pumped 
through  automatic  solenoid  valves. 

Protective  devices  with  automatic 
controls  will  seal  off  the  pumps  and 
isolate  the  trouble  in  case  of  faulty 
tubes.  Seal-off  pressure  will  reach  5  x 
10-^  mm  of  mercury  before  getter  is 
flashed. 

DPI-engineered  rotary  exhaust 
machines  produce  cleaner  faster^ 
by  continuous  pumping  throughout 
the  cycle— eliminate  large  backing 
pumps  and  rotary  slide  valve. 

For  full  information,  write — 


Distiilation  Pm>ducts,Inc 


570  Lexington  Avo. 
Now  York  22,  N.  Y. 


135  So.  La  Sail#  St. 
Chicago  3,  Illinois 


Maou/acturora  of  Molocular  StUlt  aad  High  ‘Vacuum  Eguipmont;  DittillurB  of  Oil-Solublu  Vitomtat  and  Othur  Concontratma  for  Sciaaca  and  Induatty 


electron  ICS  —  April,  1948 


Permanent  Magnets  do  it  Better 


To  make  a  safer,  more  sanitary  can 

nrv»npr  Stppl  Prnrliipt.sj  TVTfor  Pn  of  St. 


opener,  Steel  Products  Mfg.  Co.,  of  St. 
Louis,  required  a  device  which  would  hold 
the  lid  after  it  was  cut  away  from  the  can. 
On  old-fashioned  can  openers,  the  lid  might 
contaminate  the  contents  of  the  can,  or  cut 
the  fingers  of  the  operator. 

A  permanent  magnet  solved  this  problem, 
simply,  economically,  efficiently.  Our  engi¬ 
neers  designed  this  magnet — see  illustration. 
It  transmits  its  energy  to  a  small  frame  which 
grips  the  can  top  and  holds  it  until  operator 
Is  ready  to  dispose  of  it.  The  resultant  design 
produced  many  production  and 
sales  advantages. 


Permanent  magnets  may  develop  unexpected 
savings  and  increased  efficiency  in  your  prod¬ 
uct.  The  Indiana  Steel  Products  Company 
offers  you  an  exceptional  permanent  magnet 
design  service.  Write  for  complete  information. 


THE  INDIANA  STEEL  PRODUCTS  COMPANY 


©  1948.  The  Indiana 
Steel  Producta  C& 


PRODUCIRS  OP  "PACKAGED  ENERGY" 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  III. 
SPECIAIISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


INDIANA 

'^‘■''"'‘^HAUNCEY,  N.  Y. 
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fled  by  red  bases  for  glass  types  and 
red  envelopes  for  metal  types  are 
the  5691,  a  high-mu  triode;  the 
6692,  a  medium-mu  twin  triode; 
and  the  5693,  a  sharp  cutoff  pent¬ 
ode.  Minimum  life  specification  is 
10,000  hours.  A  complete  descrip¬ 
tion  is  given  in  booklet  RSB-1000. 


Audio  Rack  Assembly 

1  Newcomb  Audio  Products  Co., 
j  6824  Lexington  Ave.,  Hollywood  38, 
!  Calif.  Model  595  cabinet  illustrated 


received.  A  high-voltage  supply  of 
either  1,600  or  2,500  volts  is  pro¬ 
vided.  The  internal  circuit  has  an 
input  sensitivity  of  0.25  volt  and 
resolving  time  is  better  than  5 
microseconds.  Electronic  regula¬ 
tion  is  provided  for  the  high-voltage 
supply  so  that  the  scaler  will  oper¬ 
ate  satisfactorily  on  line  voltages 
I  from  96  to  130  volts. 


NEW  PRODUCTS 


(cMtiatMd) 


Small  Industrial  Tubes 


Radio  Corf,  of  America,  Harrison, 
N.  J.  The  Special  Red  line  of  small 
tubes  was  specifically  developed  for 
critical  industrial  applications. 
First  of  the  line  which  are  identi- 


mp4mi  *I.T3>M' 
St«iR|»«4  AlwmiiiwHi 
Wf«.  11  OraMS 


Modal  "LTa-M” 
Stompod  Stool 
Wft.  20  OroMa 


Modol  "LTI-M* 
Dio  Coat  Hovaing 
Wgt.  2t  Orama 


Low  NEEDLE  TALK,  Low  Needle  Pressure  and  Low 
Price  combine  to  make  Asiatic's  new  "LT"  Series  Car¬ 
tridges  particularly  desirable  for  new  installations  in  all 

i 

types  of  automotic  record  changers  and  manually  oper¬ 
ated  phonographs.  Now*  available  with  stamped  steel 
and  aluminum  as  well  as  die  cast  housings,  "LT" 
Cartridges  may  be  selected  in  the  proper  weight  to 
provide  optiihum  needle  pressvure  and  pickup  inertia 
characteristics  with  various  types  of  arms. 

The  response  of  these  cartridges  is  exceptionally  smooth 
over  the  entire  frequency  range  from  50  to  10,000  c.p.s., 
with  a  gradual  roll-off  commencing  at  approximately 
4,000  c.p.s.  Minimum  Needle  Pressure,  %  oz.  Output 
Voltage,  1.0  Volt  average  at  1,000  c.p.s. 

All  models  in  the  "LT"  Cartridge  employ  Astatic's  re¬ 
placeable,  Type  "T"  stainless  steel  Needle  with  electro- 
formed  precious  metal  tip. 


Also  highly  rocommended  is  As¬ 
iatic's  do  luxs  “QT”  Sorias  (Quiet 
Taft)  Cartridga,  employing  a  ^ 
matched,  replaceable  Type 
“Q”  Needle  with  sap-  ^ 

phire  or  precious 
metal  tip. 


Litmratvr*  is  Availobim 


AsWi^  Corporation 

^  CONNSAUT  OHIO 


Asioiic  Crystal  Devices  Maeuloctuted 
uDdei  ftiuah  Developmeel  Co  paieais 


Incorporate  the  Advantages  of 
"LT"  CARTRIDGES 
in  Now  Phonograph  Engineering 


COSMALITE' TUBES 

for  *1ele4diU)4t  deflection  yokes 


#  These  spirally  laminated  paper  base. 
Phenolic  Tubes  are  obtainable  in  sizes  and 
with  purKhing  and  notching  that  meet  each 
customer’s  individual  needs. 

Quality  performance  at  prices  that  appeal. 


Other  Cosmalite  Types  iiKlude . . . 

^96  Cosmalite  for  coil  forms  in  all 
standard  broadcast  receiving  sets. 

SLF  Cosmalite  for  Permeability  Tuners. 


DEFLECTION  YOKE  SHELLS 
Insida 

Diomrltr  Length 

1  3"  avu" 

4  2%"  aVu" 


Spirally  wound  kraft  and  fish  paper  Coil  Forms  and  Condenser  Tubes. 
Inquiries  given  specialixed  attention. 


DEFLECTION  YOKE  CORES 
3-1  PHa"  2'^ 

3-2  PHa"  V'fi 

3-3  P^"  2'^ 

1-1  I'^t"  2H' 

3-2  1%"  2- 

DEFLECTION  YOKE  RINGS 


CONTAINERS 


6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO 

•  All-Fibre  Cans  •  Combination  Metal  and  Paper  Cans 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes 

•  Plastic  and  Combination  Paper  and  Plastic  Items 

*  *  e 

11— 111  PURTS  ilM  M  t1»am>.Wht,l|tmtai.RT-ata|i.»-.  lsliili.Mcl..lwi*>tm 

riinicsimswiaini<M«i.Riic.  •  iiii9nimMRitcimM.Ni 
SIID  NTRQ :  Ism  pn.  tnst  CeMrsI  In.  IMS.  Rnr  Tot  IT. I  T  .  am mMs ImIM.  tee. 


See  our  Exhibit  ^220  at  the 
I.  R.  E.  Radio  Engineering  Show 


^Trmde  Mark  RertAtered 
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*M‘s  New  and  Improved 
model  1210B 

STROBOSCOPE 


NEW  PRODUCTS  (cMtinued) 

is  designed  for  use  with  audio  com> 
ponents  such  as  preamplifier^ 
switching  panel,  f-m  receiver,  draw¬ 
er-type  phonograph  changer,  and 
two  high-power  amplifiers.  The 
equipment  is  fully  described  in 
specification  sheet  R-117. 


UNIQUE  HANDY  PROBE 
“STOPS”  MOTION 
MEASURES  SPEED 
REVEALS 
VIBRATION 
LOW  PRICED. 


Probe  locks  in  lop  of  case  for  easy  carrying 


This  conveniently  “handy”  and  mined  using  sub-multipie  or 
inexpensive  instrument  enables  multiple  ratios.  Frequency  read- 
the  user  to  check  speeds  or  study  ing  is  accurate  to  better  than 
rotary  or  reciprocating  motion.  1%.  Studies  and  tests  can  be 
Vibrations  and  other  undesirable  made  on  uniform  or  variable 

motions  can  be  quickly  detected  speeds.  Because  of  the  unique 

in  the  laboratory  or  factory.  Cov-  design  of  the  1 21  OB  Stroboscope 

ers  480  to  60,000  RPMs  (or  8  to  and  small  size  of  the  Probe  it 

1000  CPS)  in  four  ranges  using  a  has  great  flexibility  of  applica- 

one-to-one  flashing  rate.  Lower  tion  and  operation  in  crowded 

or  higher  speeds  can  be  deter-  places.  Price  $n5.(X). 

Please  send  for  descriptive  bulletin 


Another  -designed  Electronic  Tool 

REGULATED 

POWER  SUPPLY 

Model  1115 

Developed  to  provide  the  three  com¬ 
monly  used  supply  voltages  in  an 
unusually  compact  unit,  CML  Model 
1115  Power  Supply  has  found  wide 
acceptance.  Plate,  bias  and  heater 
voltages  and  their  controls  are  con¬ 
veniently  available  for  funcHoning  in  150-300  *olf«  70  miti.  r*«ulat«o 

.  .  *  0-50  B»g.  bioi  1  mil. 

the  lab  or  factory  test  position.  e.3  «,  3  omp.  unr*guiat*d 

Price  I.e.b.  N.  Y.  C.  $19.95 


■~m«4ee4  tAe  ROTOBRIDGE  ^m4^Uete>s 


COMMUNICATION  MEASUREMENTS  LABORATORY,  INC. 

120  Greenwich  Street  •  New  York  6,  N.  Y.  •  Cable:  COMUNIIAB,  New  York 


Precision  Pivots 

Springfield  Instrument  Bearing 
CJo.,  905  N.  MacArthur  Blvd., 
Springfield,  Ill.  Virtually  friction¬ 


less  pivots  are  available  for  fine 
instrument  bearings  in  sizes  below 
i  inch  diameter. 


Audio  Oscillator 

Barker  &  Williamson,  Inc.,  237 
Fairfield  Ave.,  Upper  Darby,  Pa. 
Model  200  audio  oscillator  uses  a 


modified  Wienbridge  RC  oscil¬ 
lator.  Designed  for  distortion  or 
frequency  measurements  the  unit 
covers  the  frequency  range  be¬ 
tween  30  and  30,000  cycles.  A 
bulletin  is  available  describing 
this  and  other  audio  units. 


Stripcfl  Wire 

William  Brand  &  Co.,  276  Fourth 
Ave.,  New  York  10,  N.  Y.  A  unique 
extrusion  process  allows  color  cod¬ 
ing  of  plastic  tubing  or  plastic  in¬ 
sulated  wire.  Since  the  striping 
compound  is  identical  with  the 
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NEW  PRODUCTS 


(conNiiiicd) 


other  extrusion  material,  there  is 
no  impairment  of  the  dielectric 
factor  of  the  insulating  tubing. 


F-M  Television  Coils 


Speoal  Products  Co.,  Silver 
Spring,  Maryland.  Complete  Spec- 
oil  kits  are  avalable  for  either  f-m 
or  television  sound  and  video  chan- 


when  a  cast  is  executed. 

withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 


iDnakei  City  Geai  Woiks 

INCORPORATED 


F  I  N 

1910  N.  Front 
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Aircraft  controls,  denial  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 


nels.  They  are  slug  tuned  with  the 
tuning  adjustment  at  the  top.  The 
television  kit  is  $19.95  and  f-m 
tuner  is  $12.95. 


available  that  is  especially  helpful 
in  synthetic  tires.  A  special  in¬ 
jector  lists  at  $1.50  and  sufficient 
powder  for  5  tires  costs  $1.00. 


Precision  Resistors 


Shallcross  Mfg.  Co.,  Collingdale, 
Pa.  Type  136  resistors  have  maxi¬ 
mum  wattage,  rating  of  25  watts 
and  maximum  resistance  of  150,- 


Antistatic  Powder 


General  Cement  Mfg.  Co.,  Rock¬ 
ford,  Ill.  For  improved  auto  radio 
reception  an  antistatic  powder  is 


YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 
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NEW  PRODUCTS 


(continued) 


000  ohms.  Standard  tolerance  is 
1  percent.  Other  multisection  units 
are  also  available.  Windings  are 
noninductive. 


Product  of  CRONAME,  INC. 
Chieaaa.  IIL 


HOW  TO  OET  ^ 

"DUAL  CONTROL"  from  one  knob 

The  illustrations  above  show  the  ingenious  way 
in  which  this  was  done  on  an  automobile  radio 
with  S.S.White  flexible  shafts. 

Note  the  method  used  to  connect  the  coupling 
shaft  to  the  worm  gearing  on  the  remote  control 
shaft.  It  passes  through  the  worm  wheel  hub 
and  is  clamped  by  a  split  collet  on  the  end  of  the 
hub  as  shown  in  the  sketch.  This  permits  a  nice 
adjustment  of  the  coupling  shaft  length  to  give 
smooth,  free  operation. 

You  may  find  this  idea  useful  in  your  design 
work.  If  you  want  to  know  more  about  it — and 
about  many  other  design  -  simplifying  uses  of 
flexible  shafts — 

SEND  FOR  THE  FLEXIBLE  SHAFT  HANDBOOK 

This  260-page  book  gives  facts  and  full  en¬ 
gineering  data  about  flexible  shafts  and  how 
to  select  and  apply  them.  A  copy  sent  free, 
if  you  write  for  it  on  your  business  letterhead 
and  mention  your  position. 
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Rear  Seat  Speaker 

Van  Druff  Specialties,  8696  State 
St.,  South  Gate,  Calif.  The  rear- 
seat  speaker  illustrated  uses  a 
heavy-duty  permanent  magnet 


speaker  behind  a  special  plastic 
grille.  It  will  fit  any  car  regardless 
of  the  contour  of  the  package  tray. 


Telemetering  Amplifier 

Manning,  Maxwell  &  Moore,  Inc., 
Bridgeport  2,  Conn.  Model  143- 
AT2,  the  d-c  amplifier  for  low  level 
signals  in  telemetering,  uses  the 


Microsen  Balance  principle.  Maxi¬ 
mum  input  voltage  is  0.2  volt  with 
an  output  of  0  to  5  volts.  The  unit 
has  a  time  constant  of  0.02  second. 
Power  required  is  6  watts. 


Servotesting  Scope 

American  British  Technology, 
Inc.,  57  Park  Ave.,  New  York  16, 
N.  Y.,  distributors  for  Furzehill 
Laboratories,  Boreham  Wood, 
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ANOTHER  NEW  INSTRUMENT 
JUST  RELEASED 

THE  MEGA-MARKER  SR.  ; 

THE  ONLY  13  CHANNEL  CRYSTAL-CON- 
TROLLED  MARKER  OSCILLATOR  for  Rapid, 

Accurate  Alignment  of  Television  Receivers 

FEATURES:— 

*  CRYSTAL  ACCURACY  0.01% 

*  SINGLE  DIAL  OPERATION 

*  PROVIDES  SOUND  CARRIER  FREQUENCIES 


TIm  MEGA-AAARKER  SR.  if  o  ntwly  developed  electronic  instru¬ 
ment  tor  Hie  generation  ot  marker  frequencies,  frovidts  a  precise 
source  of  frequencies  throughout  the  televisions  spectrum  m  oil 
thirteen  television  channels.  Each  of  these  frequencies  is  controlled 
by  a  crystal  whose  accuracy  is  0.01%.  Such  accuracy  is  more  than 
adequate  for  all  needs  of  television. 

MEGA-AAARKER  SR.  can  also  be  used  alone  for  the  alignment  of 
the  local  oscillator  for  all  thirteen  channels.  This  is  accomplished 
by  using  the  sound  channel  to  furnish  an  indication  of  discriminator 
output. 


The  single-dial  control  gives  a  rapid  and  efficient  means  of 
frequen^  selection  without, the  neceuity  of  consulting  charts  or 
calibration  curves. 

The  MEGA-MARKER  SR.  facilitates  the  alignment  of  the  r.f. 
channels  in  the  some  manner  that  the  MEGA-PIPPER  and  MEGA 
MARKER  facilitate  the  i.f.  alignment. 

MISC:  117  volt  60  cycle  Size  •  x  16  x  S  Weight  IS  pourtds 
Price  $195.00  F.  O.  ■.  Pine  Brook,  N.  J. 


•  The 

MEGA-AUTCH 

Visual  Display  of 
Reflected  Energy 


•  THE  MEGA-SWEEP 

Wide  Range  Sweeping*  Oscillator 
*  DISPLAYS  PASS  BAND 

FEATURES:  Fixed  and  Vorioble  Sweep  Amplitude — High  and 
Low  level  output.  Carrier  Frequency — 50  Kilocycles  to  500 
megacycles  and  up  .  .  .  Frequency  Sweep — from  30  megacycles 
to  30  kilocycles  throughout  the  complete  spectrum  ,  .  .  Con¬ 
tinuously  variable  attenuator  .  .  .  Low  amplitude  Modulation 
while  sweeping — less  than  0.1  DB  per  megacycle  .  .  .  Precision 
wovemeter.  Price  $395.  F.O.B.  Factory. 


10  to  250  Me  and  up. 
Completely  electronic.  No 
slotted  lines,  moving  parts, 
bridges,  or  other  fre¬ 
quency  sensitive  devices. 
Precision  frequency  meter. 
Saves  engineering  time. 
Presents  instantly  data 
which  would  take  hours  to 
tabulate.  $695.  F.O.B. 
factory. 


THE  MEGA¬ 
MARKER 


Precision  variable  marker  oscillator  having  a  range  of  19  to  29 
megacycles  for  the  television  i.f.  band.  Crystal  oscillator  for  the 
FM  i.f.  bond  (10.7  me).  Dial  provides  over  12  inches  of  cali¬ 
brated  scale  length.  May  be  read  to  accuracies  of  0.02  mega¬ 
cycles.  $60.  F.O.B.  factory. 


KAY  ELECTRIC  CO.,  25  MAPLE  AVE.,  PINE  BROOK,  N.  J 


Telephone:  CAIdwell  6-3710 
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nOUJ  WIRE  RECORDER 
HEADS  BY  TURNER 


NEW  PRODUCTS 


(cMNaMd) 


Herts,  England.  A  new  oscilloscope 
of  small  dimensions  designated  type 
1684D  uses  a  3i-in.  tube.  There  is 
negligible  phase  shift  from  0.2  cps 
to  3  me.  High-gain  amplifiers  are 
supplied  for  both  axes  and  synchro¬ 
nizing  voltage  is  equipped  with 
automatic  gain  control.  A  catalog 
describing  the  whole  line  of  scope 
and  allied  equipment  is  available. 


Powder  Iron  Products 

Lenkurt  Electric  Co.,  1118 
County  Road,  San  Carlos,  Calif.  The 
powder-iron  core  assemblies  illus¬ 
trated  are  typical  of  parts  that  can 


After  months  and  months  of  designing,  testing,  and  perfecting— 
Turner  Engineers,  working  closely  with  the  Armour  Research 
Foundation,  have  developed  these  superior  wire  recorder  heads. 
They  are  of  the  triple-purpose  type,  containing  record,  play¬ 
back,  and  erase  heads  in  one  single,  plug-in  unit.  Designed  for 
replacement  and  new  applications,  the  TURNER  TWR-1  and 
TWR-2  are  way  over  par  in  performance. 


OUTSTANDING  DESIGN  AND 
CONSTRUCTION  FEATURES 


be  supplied  in  any  powder  desired. 
Outstanding  features  include  mini¬ 
mum  hysteresis  and  eddy-current 
losses.  Standard  items  are  avail¬ 
able  as  well  as  those  made  to  speci¬ 
fications. 


•  Maximum  fMolity.  Suporier  "Y"  greev*  for  wir* 
occurotoly  cut  by  (paciol  mochin**  d«v*lep«fl  ax- 
clutivaly  for  Tumor. 

•  Hum  pickup  hold  lo  abcelulo  minimum  by  uniquo 
doublo-shiolding  condruclion. 

•  Now  triplo-lominotion  clruclvro  grooMy  improvo* 
nragnotic  circuit. 

•  Conirollod  uniformity.  Advanced  design  and  manu¬ 
facturing  process  assures  uniformity  of  product. 

•  Beautiful  chrome  plated  die  cast  housing. 

•  Engineered  for  exceptional  performance. 


POt  A  COMPLETE  LINE 
OP  MAGNETIC 
RECORDER  HEADS 
TURN  TO  TURNER 

If  your  manufacturing 
plans  require  magnetic 
recorder  heads,  it  will  pay 
yon  to  consult  Turner 
Engineers.  Please  write  to 
EagineeringDevelopment, 
The  Turner  Company. 


Coaxial  Connectors 

Kings  Electronics  Co.,  Inc.,  372 
Classon  Ave.,  Brooklyn  6,  N.  Y.  A 
new  line  of  midget  coaxial  con¬ 
nectors  KP  6000,  7000,  8000,  and 
9000  can  be  used  with  type 
RG-57/U  cable.  The  connectors 
and  adapters  are  matched  in  im¬ 
pedance  and  will  handle  50  watts 


W/tfTE  FOJ?  BULLETIN 

THE  TURNER  COMPANY 

905  17th  STREET  N.E.,  CEDAR  RAPIDS,  IOWA 

MICROPHONES  AND  OTHER  ELECTRONIC  EQUIPMENT 
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Trained  hands  expect  a  pipe  organ  to  re¬ 
spond  immediately  to  any  demand  — 
from  complete  silence  to  a  powerful 
crescendo.  To  meet  these  demands,  hun¬ 
dreds  of  magnets  and  solenoids  must 
have  controlled  d-c  voltage  on  tap  at  all 
times. 

In  a  growing  number  of  installations, 
General  Electric  selenium  rectifiers  — 
specially  designed  and  built  for  pipe 
organs  —  are  supplying  the  smooth,  con¬ 
stant  voltage  this  application  calls  for. 
Over  the  full  load  range,  these  rectifier 
units  give  instant  response  —  operate 
silently  —  at  low  cost. 

♦Trade-mark  Reg.  U.  S.  Pat.  Off. 


Tell  G.E.  your  problem  of  d*c  supply 

When  you  strike  an  unusual  rectification 
problem  —  or  even  when  the  routine 
problem  of  deciding  which  type  of  recti¬ 
fier  is  best  for  your  purpose  —  call  on 
General  Electric  for  an  answer.  Because 
General  Electric  makes  all  three  —  sele¬ 
nium,  copper  oxide,  and  Tungar*  —  Gen¬ 
eral  Electric  engineers  can  give  you  an 
impartial  solution.  Because  G-E  engi¬ 
neers  know  rectifiers  —  from  the  postage- 
stamp  size  to  ten-ton  monsters  —  they 
can  give  you  the  kind  of  practical  solu¬ 
tion  you  want.  For  information,  write  to 
A8-3.22,  General  Electric  Company, 
Bridgeport  2,  Connecticut.  I 


^es  all 
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fifiew 


GENERAL  ELECTRIC 


. . .  or  complete  silence— with  controlled,  constant  d-c  voltage 
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Equipment  for  Acoustical  Measurements 


n  CONDENSER  MICROPHONE 

Type  1 00  B 

I  Designed  to  facilitate  precise  and  con- 

^  venient  measurement  of  Sound  Pressure 

Level  with  the  W.  E  640  AA  or  other  miniature  condenser  microphones. 


of  r-f  power.  Soldered  connec¬ 
tions  between  inner  connector  and 
center  conductor  are  not  neces¬ 
sary.  A  single  catalog  sheet  is 
available. 


FEATURES: 

« 

1.  Smgll  size  preamplifier  for  minimum  interference  with  sound  field 

2.  Amplifies  open  circuit  voltage  to  readily  measured  level 

3.  Highly  stabilized  gain 

4.  Automatically  regulated  bias  voltage 

5.  Ideal  for  super-audible  spectra 

6.  Individual  calibration  furnished 

7.  Completely  A.C.  operation  furnishes  minimum  threshold  noise 


Eleven-Channel  Carrier 

Lenkurt  Electric  Co.,  1113  Coun¬ 
ty  Rd.,  San  Carlos,  Calif.,  intro¬ 
duces  a  new  carrier  system  de¬ 
signed  to  provide  as  many  as  eleven 
duplex  voice  channels  on  a  two-way 


Price  $655.00  FOB  Los  Angeles 


THERMAL  NOISE  SOURCE 
Type  300  A 

A  highly  stable  source  of 
"white  noise’’  spearum  for 
physical  and  physiological  studies 


1.  Amplifies  electron  noise  generoted  in  a  cold  resistor 

2.  Perfectly  stable  output  — quantity  and  spectrum 

3.  Micro-noise  spectrum  amplified  by  highly  stabilized  100  DB  gain 

4.  Completely  A.C.  operated 

5.  All  extraneous  noises  below  thermal  spectrum 


radio  circuit.  Type  42  was  devel¬ 
oped  especially  for  installations 
where  cables  are  economically  im¬ 
practicable.  On  installation,  car¬ 
rier  equipment  is  required  only  at 
the  terminals  of  the  radio  line;  but 
carrier  channels  can  be  terminated 
or  connected  to  side  circuits  at  any 
repeater  point  with  appropriate 
equipment. 


Price  $375.00  FOB  Los  Angeles 


These  instruments  feature  a  new  cabinet  design  furnishing  convenient  rack  or 
table  mounting  and  complete  accessibility 

Highly  refined  developments  originating  in  war  research  and  proven  in  succeed¬ 
ing  industrial  work 

Send  for  detailed  specifications 

Distributed  by  ALTEC  LANSING  Corporation 


Coiled  Test  Leads 

Koiled  Kords,  Inc.,  Box  K,  Ham¬ 
den,  Conn.  Retractile  test  cords  in 
conventional  black  and  red  colors 
are  made  in  48-inch  retracted 
lengths  that  can  be  extended  to  20 
feet.  Coils  can  be  cut  to  any  de- 


PAUL  S.  VENEKLASEN  HENRY  M.  HARRIS 

Technical  Director  General  Manager 

621  S.  SPRING  STREET,  LOS  ANGELES  14,  CALIFORNIA 


YOUR  HEADQUARTERS  FOR  ACOUSTiai  MEASUREMENTS 

Watch  for  onneuncement  of  other  instruments  to  complete  a  lln»  of  precision  9quipm*nl 
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Brisfly,  h«r«'«  th«  Halipot  principl*  . . .  whereas  a  conventioiial 
potentiometer  consists  of  a  single  coil  of  resistance  winding 
approximately  4"  long,  the  Helipot  has  a  potentiometer  wire 
approximately  46*^  long  coiled  helically  into  a  case  which 
quires  no  more  panel  space  than  the  conventional  unit.  By 
means  of  a  simple  guide,  the  slider  contact  follows  the  helical 
path  of  the  resistance  winding  from  end  to  end  as  a  single  knob 
is  rotated.  Result... almost  twelve  times  the  amount  of  control 
—  far  greater  accuracy,  finer  settings,  greater  range  —  at  no  in¬ 
crease  in  panel  spcux  requirements! 


Cvtowvr  v)tw  e/  Ihs  HtKpot 


ON  PRODUCT  after  product  the  story  is  the  same 
—the  Helipot  is  revolutionizing  potentio¬ 
meter  applications,  simplifying  control  operations, 
and  even  making  possible  advanced  electronic  instru¬ 
ments  impractical  with  other  types  of  potentiometers. 
Widely  used  on  precision  electronic  instruments 
during  the  war,  the  Helipot  is  an  entirely  new  type 
of  potentiometer  which  every  electronic  manufac¬ 
turer  and  user  should  investigate. 


lat  us  study  your  polontiomotor  opplicationt  and  suggest  how 
the  Helipot  can  be  used  —  possibly  already  is  being  used  by 
others  in  your  industry  —  to  simplify  control  operations,  get 
greater  accuracy  and  range,  and  increase  the  utility  of  modem 
electronic  equipment.  No  obligation,  of  course.  Write  today 
outlining  your  problems. 


ions 


^HIIIPOTS  ARI  AVAIIAIIEIN  J  STANDARD  SIZES: 

TYPE  A— 5  watts,  incorporating  10  holical  turns  and  a  slid#  wiro  length 
of  46  inchos,  case  diameter  IV4*.  is  available  with  resistance  values 
from  10  ohms  to  50,000  ohms. 

TYPE  B— 10  watts,  with  15  helical  turns  and  140"  slide  wire,  case 
diameter  is  available  with  resistance  values  from  50  ohms  to 

200,000  ohms. 

TYPE  C— 2  watts,  with  3  helical  turns  and  13'/]"  slide  wire,  case 
diameter  1%",  available  in  resistances  from  5  ohms  to  15,000  ohms. 
The  Type  B  is  also  ovoiloble  in  special  sizes  of  25  and  40  helical  turns, 
with  resistances  ranging  from  100  ohms  to  500,000  ohms,  and  contain¬ 
ing  more  thon  100,000  change-of-resistonce  steps. 

'Data  above  ore  for  the  standard  Type  A  unit.  / 


.ggCOUW 
r.Rda'^ 
,  wMh*" 


mpo**‘'*'* 


cuto«T'" 

utsW*. 


Sand  for  Hia  Now  Halipot  Reoklatl 


Aih  mIso  for  data  on  lb*  duodial  —  the  new  lurns-indicating 
dial  ideal  for  use  with  the  Helipot  as  well  as  with  other 
multiple-turn  devitest 


THE  HELIPOT  CORPORATION,  1011  MISSION  STREET,  SOUTH  PASADENA  2,  CALIFORNIA 
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•Here^  hov/'fco  harness  that 
'‘shortage  *  nightmare 


NEW  PRODUCTS 


(coatiniMd) 


sired  length  for  ultimate  use.  The 
ratio  of  retracted  to  extended 
length  is  1  to  5. 


Voltage*Control  Box 

Andrew  Technical  Service,  111 
E.  Delaware  Place,  Chicago  11,  Ill. 
The  portable  voltage-control  box 
pictured  contains  a  405-watt  vari- 


■  o  get  supplies  and  equipment  fast  and 
lick  your  shortage  problems,  specify  ship¬ 
ment  by  Air  Express.  It’s  the  fastest  pos¬ 
sible  way  to  ship  and  receive.  There’s  no 
time  wasted  at  airports  because  Air  Ex¬ 
press  goes  on  every  flight  of  the  Scheduled 
Airlines.  And  you  get  door-to-door  ser¬ 
vice  at  no  extra  cost. 

Rates  are  so  low  it  pays  you  to  use  Air 
Express  regularly.  And  Air  Express  is 
inexpensive  for  the  heaviest  weight  ship¬ 
ments,  too.  Standardize  on  this  speedy, 
low-cost  business  service. 


able  autotransformer  and  a  0  to  150 
voltmeter.  Input  rating  is  115 
volts,  60  cycles,  single  phase.  Out¬ 
put  is  variable  from  0  to  135  volts. 
Maximum  current  is  3  amperes. 


$pect^  Air  Bcpress-Wforids Jagtest  Shipping 


•  Low  rates — special  pick-up  and  delivery  in  principal  U.  S.  towns 
and  cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

True  ceie  kittery  i  Trailer  replacement  parts  are  regularly  Air  Express^ 
from  Kansas  City  factory.  Keeps  valuable  equipment  rolling.  Typical 
shipment:  31-lb.  carton  picked  up  2  p.m.  the  11th,  delivered  Los 
Angeles,  Cal.,  the  12th,  7  a.m.  1360  miles.  Air  Express  charge  only 
$13.32.  Any  distance  inexpensive,  too.  Phone  your  local  Air  Express 
Division,  Railway  Express  Agency,  for  fast  shipping  action. 


Wire  Recorder 

Webster-Chicago  Ccrp.,  5610  W. 
Bloomingdale  Ave.,  Chicago  39,  Ill. 
Model  78  wire  recorder  features 


Rate!  Includa  pick-up  and  dativary  door 
to  door  in  oil  principal  town>  and  citiat 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OF  THE  U.  S. 
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new  products  (cMtiniMd)  | 

I 

push-button  controls  and  comprises  ' 
a  wire  mechanism,  amplifier,  oscil-  j 
lator  and  built-in  power  supply.  A  | 
calibrated  recording-level  meter  is 
also  included. 


Permanent  Magnets 

General  Electric  Co.,  Pittsfield, 
Mass.  The  standard  line  of  Alnico 
permanent  magnet  holding  assem¬ 
blies  consists  of  5  types  in  17  sizes, 


many  of  which  are  illustrated.  The 
assemblies  can  be  used  in  snap- 
action  devices,  or  as  supports  for 
ferromagnetic  parts. 


A-M  Frequency  Monitor 

Gates  Radio  Co.,  Quincy,  lU.  MO- 
2890  frequency  monitor  for  a-m 
broadcasting  was  recently  approved  , 
by  the  FCC.  It  has  a  specially  i 
ground  crystal  in  a  new  type  anti-  ' 


HAYDON  Timing 


Combustion  safeguard  mechanisms  require  precision,  ruggedness  and 
quality  construction  in  every  component  .  .  .  that's  why  Wheelco 
Instruments  Company  chose  Haydon  timing  for  their  extremely  de¬ 
pendable  Model  11 31 A  Flame-otrol.  This  Wheelco  safety  device  not 
only  shuts  off  both  main  and  pilot  valves  immediately  on  flame  failure, 
but  also  provides  a  time  delay  for  purging  the  chamber  of  combustible 
gases  before  relighting  can  be  attempted  .  .  .  Haydon's  ^1600  series 
motor  provides  the  accurate  timing  element. 

Haydon  motors  are  widely  used  in  many  combustion  control  devices 
such  as  day-and-night  thermostats;  stoker  controls,  oil  burner  controls, 
safety  devices,  etc.  There  is  a  Haydon  unit  to  meet  every  timing 
requirement  ...  9  different  motor  series,  hundreds  of  speeds  from 
450  rpm  to  1  revolution  per  1000  hours  .  .  .  variations  to  fit 
your  specifications. 

Typical  of  constant  engineering  advances  is  a  new  Haydon  slow 
speed  motor,  soon  to  be  available  for  1  revolution  per  12  hours, 
1  day  and  1  week  .  .  .  inexpensive  timing  for  thermostats,  switches 
and  control  equipment. 


M^A  N  U  F  A  C  T  U  R  I  N  G  COMPANY,  INC 

TORRINGTON  CONNECTICU 

HARNHS  TIM£  TO  _ =  YOUfl  PPODUCTS 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


Take  advantage  of  Haydon  timing  experience;  have  a  representative 
call.  Write  for  the  new  Haydon  Engineering  Data  Catalog. 


Write  Haydon,  2404  Eim  Street,  Torrington,  Connecticut 
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Am  PE  RITE 

MICROPHONES 

The  ultimate  in  microphone  quolity,  the  new  Amperite 
Velocity  has  proven  in  actual  practice  to  give  the  high¬ 
est  type  of  reproduction  in  Broadcasting,  Recording,  ond 
Public  Address. 

The  major  disadvantage  of  pre*war  velocities  has 
been  eliminated — namely  “boominess*'  on  close 
talking. 

•  Shout  right  into  the  new  Amperite  Velocity— or 
stand  2  feet  avsay — the  quality  of  reproduction 
is  always  excellent. 

•  Harmonic  distortion  is  less  than  1%  (Note:  best 
studio  diaphragm  mike  is  500%  higher). 

•  Practically  no  angle  discrimination  .  .  .  120* 
front  and  pack.  (Best  studio  diaphragm  micro¬ 
phones — discrimination  800%  higher). 

9  One  Amperite  Velocity  Mi¬ 
crophone  will  pick  up  an 
entire  symphony  orchestra. 
STUDIO  VELOCITY,  flneat  In 
quality ;  ideal  for  broadcasting 
and  Recording. 

ModeU  RSOn.RaOL.Ust  f 80.00 
There  io  an  Amperite  Micro¬ 
phone  for  ererp  requirement. 

WRITE  FOR  ILLUS- 
TRATED  4-PAGE  FOLDER 
giving  full  information  and 
_  prices. 


AMPERITE 
Velocity  Microphones 
for  Public  Address 
Models  RBHG,  RBLG 
List  $42.00 


P.  a.  Dynamic 
Models  POH,  POL 
List  888.00 

Address  inquiry 
attention  Dept.  E 


~j^MPERlTE  (ompany 


561  BROADWAY 


NEW  YORK 


"Kontak”  Mikes 
Model  8KH,  lUt  $18.00 
Model  KKH,  list  $18.00 

In  Canada : 
Atlas  Radio  Corp. 
560  King  St.  WT 
Toronto.  Ont. 


MPilOi 

TRADE  MARK 

TIMING  MOTORS 

AND 

TIME  MACHINES 


For  Sustained  Accuracy  and  Full 
Rated  Power  on  Quick  Starts 

Ask  any  time  machine  makeN-any  electric 
clock  repoir  man — what  motor  outlasts  all  others, 
ond  he'll  say  "SYNCHRON".  In  these  tiny 
motors,  all  pinions  and  shafts  are  of  steel, 
operating  against  polished  brass  gears — ^fer 
least  possible  wear.  All  bearings  are  genuine 
Babbitt,  lubricated  by  a  sealed-in  supply  of  oil 
surrounding  all  moving  parts  (patented  process). 
SYNCHRON  timing  motors  and  time  machines 
are  designed,  patented,  and  built  for  dependable, 
trouble-free  service. 

A  new  cotalog  containing  engineering  data 
on  SYNCHRON  Motors,  Timing  Machines,  and 
Clock  Movements  will  give  you  detailed  infer- 
nsotion.  Write  for  it. 


HANSEN  MANUFACTURING  CO.,  INC. 

Princeton  10,  INDIANA 


Tracing  cloth 
that  defies 


•  The  renown  of  Imperial  os  the  finest  in 
Tracing  Cloth  goes  bock  well  over  half  a 
century.  Draftsmen  alt  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  clear,  hard 
pencil  lines,  try  Impurial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  as  welL 


IMPERIAL 

TRACING 

CLOTH 


iO/iO M  I 


GIKtRAl'^tiKTWC 
If  jintjimm 
mf  104 


NEW  PRODUCTS 


(continMd) 


vibration  holder.  A  dual  chamber 
thermostat-controlled  oven  keeps 
the  crystal  temperature  variation  at 
less  than  0.2  C.  over  the  heat  cycle. 


New  Variac 

Genesul  Radio  Co.,  276  Massa¬ 
chusetts  Ave.,  Cambridge  39,  Mass. 
Latest  item  in  a  new  line  of  Variac 


For  Quick, 

Accurote  Measurement 
of  Capacitance 
ond  Inductance 


adjustable  autotransformers  is  type 
V-20  that  handles  20  amperes  at  116 
volts.  Output  voltage  is  continu¬ 
ously  variable  from  zero  to  17  per¬ 
cent  above  input  line  voltage. 
Terminal  box  is  designed  for  BX 
or  conduit. 


Permitting  measuremems  uirc..!/ 

frequency  of  a  wide  range  of  capacitance  and 

indua^ce,  the  YCL-1  is  a  most 

ment  for  producuon,  research  and  industrial 

laboratories.  ...  u 

Simple  in  design  and  self-contained  it  can  be 
operated  by  non-technical 

is^a  compaa  and  efficient  unit  which  provide 
accuracy  without  the  use  <  _ 

ployed  for  these  measurements. 

To  improve  stability  of  operatmn, 
measurement  circuits  are  op 
electronically  rep 

This  General  Electric  Capacitometei 
for  portable  use,  or  it  may  1 

cabinet  and  mounted  in  a  st - 

inch  relay  rack. 

CAPACITANCEt  0  to  20,000  micromicrofarads 

arcURACYt  +  1  micromicrofarad  or 

“0.1%,  whichovor  is  larger 

0  to  10,000  microhenries 
+  1  microhenry  or  0. 1  % 
“"whichever  is  larger 

ition  on  the  YCL-1  Capaci- 
nd  other  precision  equipments  write: 
lectric  Company,  Electronics  Department, 
C  Park.  Syracuse,  New  York. 


■technical  personnel.  The  YCL^l 

of  bridges  usually  em- 

the  internal 

_ jperated  from  a  built-in 

gulated  power  supply. 

“  _ ;t';r  is  suitable 

,y  be  removed  from  the 
standard  nineteen  (19) 


Telephone  Inductor 

Miles  Reproducer  Co.,  Inc.,  812- 
814  Broadway,  New  York  3,  N.  Y. 
Telemike,  a  midget  telephone  induc¬ 
tion  interceptor,  requires  no  elec- 


INDUCTANCEt 

ACCURACY: 


trical  connection  with  the  telephone 
or  wire.  It  picks  up  both  sides  of 
the  telephone  conversation  for 
group  loudspeaker  listening  or  for 
recording  purposes. 


ELECTRIC 


GENERAL 


Contamination  Monitor 

Tracerlab,  Inc.,  66  Oliver  St.,  Bos¬ 
ton  10,  Mass.  Model  SU-3  labora- 
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A^ASS  PRODUCERS  OF  ANjeNNAS 
S(NCe  THE  START  OF  BROADCASTING 


DESIQHED  TO  MffT  fVERT  EiQUIEEMEMT 


tory  monitor  has  been  developed  as 
a  routine  contamination  monitor 
for  use  in  radioactivity  labora¬ 
tories.  Either  visual  (counting  rate 
meter)  or  audible  (loudspeaker) 
indication  is  given.  The  device  will 
pick  up  contamination  from  low 
energy  beta  emitters.  A  catalog 
sheet  gives  detailed  specifications. 


Be  assured  of  maximum  reception  and  trouble- 
free  operation  with  Brach  FM  &  TV  antennas.  They  are 
recomnrtended  for  their  simplicity,  ease  of  installation 
and  durability  by  service-men,  installation  engineers 
and  dealers.  Brach  features  a  complete  line,  engi¬ 
neered  for  maximum  performance  and  to  meet  all 
individual  problems  and  requirements. 

All  antenna  kits  are  complete,  containing  a  five 
foot  steel  mast,  non-corrosive  aluminum  elements, 
ample  down-lead,  all  necessary  hardware  and  the 
Brach  Universal  Base  Mount  which  permits  a  360* 
rotation  of  the  mast  to  any  position  on  any  type  of 
building  after  the  mount  has  li^en  secured.  Guy  wires 
are  also  included  and  give  complete  protection  and 
stability  to  the  installation. 

Brach  antennas  feature  a  low  standing  wave 
ratio  for  peak  reception  and  can  be  obtained  to  cover 
all  channels  from  44  to  216  MC.  Each  type  of  antenna 
has  been  tested  to  give  a  uniform  pattern  over  the 
frequency  range  specified. 

ATTENTION.  USERS  OF  PRIVATE  BRANDS 

L.  S.  Brach  Mfg.  Corp.,  experienced  in  the  de¬ 
velopment  and  manufacture  of  all  types  of  receiving 
antennas,  offers  engineering  and  mass  production 
facilities  for  the  design  and  production  of  antennas 
to  individual  specifications. 


MAOI  STIAICHT  OIPOIE 
FOE  FM  #334  M-tM  MC 
FOI  TV  #333  44.M  MC 
Accmmtv  RalUctor  Kit.-. 

Far  FM  #334-1 
Accawor,  KaKactor  KH.* 
Far  TV  #333-1 


Solenoid  Contactors 

Ward  Leonard  Electric  CJo.,  31 
South  St.,  Mt.  Vernon,  N.  Y.  In¬ 
tended  primarily  for  use  in  a-c 
motor  controllers,  the  Bulletin  4452 


MIACH  STIAICHT  DIFOIC 
SHOWN  WITH  lEFlECTOI 


MACH  FOLDED  DIPOLE 
FOI  FM  #33S  M-1M  MC 
FOI  TV  .#337  44-U  MC 
Accattarv  lallactar  Kit- 
Far  FM  #33S-I 
Acca«Mry  lalUctar  Kit- 
Far  TV  #337-1 


SEND  FOR  CATALOG  SHEETS 


and  4453  solenoid  contactors  have 
maximum  ratings  of  25  and  50  h-p 
respectively  on  440  or  550  volts,  3 
phase,  60  cycles. 


IRACH  BROAO  ftANO 
FOR  FM  A  TV  #33* 
44  -10$  MC 
174-3U  MC 


BRACH  CROSS  OIFOLE 
FOR  FM  #344 
M-108  MC 


Audio  Circuit  Analyzer 

Barker  &  Williamson,  Upper 
Darby,  Pa.  The  Sine  Wave  Clipper 
provides  a  test  signal  particularly 
useful  in  examining  the  frequency 
response  and  transients  of  audio 
circuits.  By  feeding  the  unit’s  out¬ 
put  into  audio  equipment  under  test 


WORLD’S  OLDEST  AND  LARGEST  MANUFACTURERS  OF  RADIO  ANTB^INAS  AND  ACCESSORIES 
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TAKE  A  LOOK  AT 
THIS  BULLETIN 

Here’s  help  you  can  use  in  visualizing  magnetic  com¬ 
ponents  to  meet  your  special  requirements.  Time¬ 
saving  forms  make  it  easy  to  specify  your  needs.  Write 
for  it  today. 


RAYTHEON. 


j  RAYTHEON  MANUPACTURINO  COMPANY 
I  COMMERCIAL  PRODUCTS  DIVISION 
/  WALTHAM  54,  MASSACHUSETTS  I 

j  Industrial  and  Commercial  El0ctronic  pQuipmant,  i 
I  Broadcast  Equipment,  Tubes  and  Accessories  M 


Soles  Offices; 

Atlanta,  Boston,  Chicago,  Cleveland,  Detroit,  New  York,  Washington,  D.  C. 


IF  YOU  USE  CUSTOM-BUILT 

TRANSFORMERS 


and  then  introducing  the  equip¬ 
ment’s  output  into  an  oscilloscope 
one  can  quickly  view  and  analyze 
distortion  introduced  by  the  ampli-  I 
fier.  Typical  distortion  patterns  ! 
are  furnished. 


Air  Velocity  Meter  I 

1 

Hastings  Instrument  Co.,  Box  j 
1276,  Hampton,  Va.  An  air  velocity 
meter  that  will  accurately  measure 
velocities  as  low  as  five  feet  per  S 


Program  Equalizer 

Cinema  Engineering  Co.,  1610 
West  Verdugo  Ave.,  Burbank,  Calif. 
The  4031-B  program  equalizer  is 
designed  for  broadcast  and  record-  ' 
ing  studios.  Equalization  of  12  db  j 
at  100  cycles  is  provided  as  well  as  j 
3,  5,  and  10  kc  in  calibrated  2-db  ' 
steps.  High-  and  low-frequency 
attenuation  up  to  16  db  is  accom¬ 
plished  by  counterclockwise  rota- 


minute  incorporates  a  noble-metal 
thermopile  and  a  large  accurate 
meter.  Apparatus  can  be  operated 
from  power  line  or  battery  pack. 
Write  for  Bulletin  1047. 


(CLIP  THIS  TO  YOUR  LETTERHiAD) 

Please  Rush  Our  Copy 
Your  New  Special-Purpose 

TRANSFORMER  BULLETIN 

DL-K-301-"A" 


jsn^u  uitsRivfnsctfirs^ 


Hassall 


TheC.O.JELLIFF 

MANUFACTURING 

CORPORATION 


special  nails  •  rivets  ‘  Screws  •  made  to  your  order 


HASSALL  cold-heading  may  solve 

your  immediate  special  part  problem 

. . .  Special  nails,  rivets  and  threaded 

parts  made  in  diameters  from  1/32' 

to  3/8'— lengths  up  to  6'. ..  Rivets 

3/32'  diameter  and  smaller  a  specialty 

. . .  Variety  of  metals,  finishes  and  sec- 

ondary  operations  . . .  Economy,  qual- 

ity  and  quick  delivery  in  large  or  small 

quantities  . . .  Tell  us  what  you  need 

. . .  We  will  answer  promptly,  ask  for  free 

Decimal  Equivalents  Wall  Chart  free  on  request. 


2100*’ F  ^ 

with  JEILIFF  ^ 
RESISTANCE  WIRE 


OHN  HASSALL,  INC. 

^Manufacturers  of  Cold-Headed  Specialties— Established  1850 


FOR  RELIABLE  HEATING 
ELEMENTS  and  RESISTORS 


Even  the  devil  himself  could  not  with* 
stand  the  extreme  temperatures  to  which 
Jelliff  resistance  wires  are  subjected.  Con¬ 
stant  research,  application  study  and 
controlled  production  assure  you  fine 
quality  produas  of  superior  performance 
and  long  life. 

Jelliff  resistance  alloys  are  used  exten* 
sively  for  industrial,  radio  and  electronic 
equipment;  domestic  appliances;  instru¬ 
ments;  transportation  apparatus  and 
materials  handling  equipment. 

For  specific  engineer- 
J  ing  data  applying  to 

M  J»«*l****'^  your  problem,  refer  to 

^  the  new  and  complete 
56  page  Jelliff  Resist- 
ance  Alloys  Cataleg. 

Write  Dept.  L201  for  Catalog  No.  46 


linulsion* 


Materials  for  potting,  dipping  or  impreg* 
noting  all  types  of  radio  components  or  all 
kinds  of  electrical  units.  •  Tropicalized 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  and  problems  invited  by  our  en¬ 
gineering  and  development  laboratories. 


YEARS 


ZepiMir  Mills,  Inc.  has  ba«n  known  for  its  dopondablo  sorvico  and 
uniformity  of  product  since  1846. 


ZOPHAR  MILLS,  Inc. 

ISTASLISMID  1846 

IIjF  26th  STREET,  BROOKLYN,  32  N.  Y. 
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^uper 

ELECTRIC  PRODUCTS  CORPORATION 

1057  Summit  Avenue  Jersey  City  7,  N  J. 

Precision  Components 


new  products  (coHtiniMd) 

tion  of  the  same  control.  More  than 
1,465  curve  combinations  can  be  ob¬ 
tained.  The  unit  has  an  insertion 
loss  of  14  db  in  a  500-to-600  ohm 
circuit. 


SPOTLIGHTING 


TELEVISION  HI-VOLTAGE 

POWER  SUPPLY 


Power  Rectifiers 

Radio  Receptor  Co.,  Inc.,  261  West 
19th  St.,  New  York  11,  N.  Y.  A 
new  line  of  selenium  power  recti- 


Be  sure  to  visit  our  booths  No.  241  and  242 
at  the  Radio  Engineering  Show  of  the  1948 
I.R.E.  National  Convention,  March  22-25, 
Grand  Central  Palace,  New  York. 


Power  supply  coil  it  furnished 
in  aluminum  case 


fiers  includes  19  types  required  by 
laboratories,  test  departments, 
radio  amateurs,  and  those  engaged 
in  similar  work.  A  5-page  illus¬ 
trated  bulletin  is  available. 


^  The  illustrated  television  hi-voltage  power 
supply  is  intended  to  provide  D.  C.  voltage 
up  to  10,000  volts  at  a  current  drain  not 
to  exceed  1  milliampere. 

2^  Model  A  supplies  up  to  7000  volts  D.C. 
at  800  micro-amperes.  Power  input  re¬ 
quired:  300  volts  D.C.  at  50  milliamperes 
and  6.3  volts  at  .45  amperes. 

2,  Model  B  supplies  up  to  10,000  volts  D.C. 
at  1  milliampere.  Power  input  required: 
360  volts  D.C.  at  90  milliamperes  and  6.3 
volts  of  .9  amperes. 

These  units  are  of  the  r.  f.  type  and  elimi¬ 
nate  the  hazards  inherent  in  other  types 
of  high  voltago  power  supply. 


Super  Electric  precision  compo¬ 
nents  for  the  electronic  industry  give 
you  the  very  best  in  design  and  crafts¬ 
manship  techniques.  Supter’s  sixteen 
years  of  precision  manufacturing  as¬ 
sure  you  of  strength,  durability  and 
top-notch  performance. 

We  welcome  the  opportunity  to 
show  you  the  gains  from  using  Super- 
engineered  components. 


Clutch  Volume  Coiitrol§ 

Clarostat  Mfg.  Co.,  Inc.,  130  Clin¬ 
ton  St.,  Brooklyn,  N.  Y.  The  SD 
series  of  volume  controls  available 
in  type  Z  taper  values  from  250,000 


USE  OF  THE  FOllOWING 

surER  UEamc  co. 

COMrONENTS 

Indleatsd  by  dots 


MNO  ANTINNA 

coil  lOavWt  TuMd) 


lANO  ■•F  coil 

|D*wM*  Tunrtf) 


ohms  to  2  megohms  is  now  obtain¬ 
able  with  slip-drive.  When  the  con¬ 
trol  shaft  is  turned  beyond  the  end 
limits  slippage  is  provided  to  avoid 
damage. 


In  addition  to  the  components  described,  SUPER  will  build  to  customer  specifications. 


Terminal 

Tinnerman  Products,  Inc.,  2106 
Fulton  Road,  Cleveland  13,  Ohio. 
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E'GOITP 


ENAMELED 


approved 


MADNET  WIRE 


•  Much  of  the  success  of  this 
Hudson  Wire  product  is  due  to  o 
new  coating  method  that  gives  a  smooth, 
permonently-odherent  enameling.  Mercury-process  tests  guaran¬ 
tee  perfect  uniformity;  great  tensile  strength  assures  perfect 
laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engineering  and  design  facilities  are  at  your 
M  disposal  —  details  and  Quotations  on  request. 

NJDSOI  WIRE  COMPART 


WINSTED 


CONNECTICUT 


Hrvi  DUMONT 

"ZERO-LOSS" 

(OuMilSL 

CAPACITOR 

FOR 

TELEVISION  AND  SHORT  WAVE 


DUMONTI 

ELECTRIC  CORP. 

MFR  S  OF 

CAPACITORS  FOR  EVERY  REQUIREMENT 

308  DYCKMAN  ST.,  NEW  YORK,  N  Y. 


Leads  with  a  spade  terminal  are 
placed  under  the  head  of  the  screw 
terminal  while  single-strand  pig¬ 
tails  from  capacitors  and  resistors 
are  looped  under  the  top  member  of 
the  nut,  around  the  screw,  as  illus¬ 
trated.  The  entire  connection  is 
tightened  by  a' single  screw. 


Electric  Eye 


Db-Tec-Tronic  Labs.,  Inc.,  1227 
North  Clark  St.,  Chicago  10,  Ill. 
Sentry  electric  eye  announcer  unit 


new  PftODUCTS 


(cofltiniMd) 


comprises  a  photoelectric  device 
and  mirror.  A  break  in  the  light 
beam  actuates  a  bell  or  other  warn¬ 
ing.  Maximum  operating  distance 
is  about  25  feet.  Unit  operates  on 
115  volts,  60  cycles. 


Plug-In  Relay 

Grayhill,  1  North  Pulaski  Road, 
Chicago  24,  Ill.  A  new  design  relay 
is  especially  adapted  for  use  in 
units  such  as  food  and  drink  dis¬ 
pensing  machines  that  require  fast 
servicing.  Integral  parts  are 
mounted  on  a  molded  phenolic  base 
to  the  bottom  of  which  pin  type  con¬ 
nectors  are  affixed.  Contacts  handle 
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Chance  of  a 
Lifetime 

for 

Electronics  Engineers 

Physicists 

Mathematicians 

Does  your  present  job  offer  you  full,  unlimited  op¬ 
portunity  to  go  ahead  NOW?  If  not,  here’s  your 
chance  to  move  ahead.  We  have  a  number  of  excellent 
positions  for  men  who  want  to  demonstrate  their 
ability  and  build  a  real  future.  Our  research  projects 
include — jet  propulsion,  guided  missiles,  superson- 
ics,  electronics,  materials  and  alloys,  military  planes 
and  commercial  transports.  Our  central  location, 
excellent  facilities,  good  working  conditions  and 
past  record  are  nationally  recognized.  Here  is  your 
chance  to  build  a  lifetime  career  with  a  company 
holding  more  than  $100,000,000  in  orders. 

Write  now,  outlining  your  experience  and  your 
plans.  Professional  Employment  Section,  The  Glenn 
L.  Martin  Company,  Baltimore  3,  Maryland. 

Men  are  especially  needed  to  do  original  work  in  the 
jollowing  fields: 

R.  F.  Components,  Wave  Guides,  etc. 

Pulse  Techniques,  Precision  Timing,  Indicator  Cir¬ 
cuitry,  I.  F.  Amplifiers,  AFC,  etc. 

Microwave  Antennae 
Servos  and  Computers 


up  to  10  amperes  resistive  load.  The 
molded  dustproof  cover  is  optional. 


Constant-V  oltage 
Rectifier 

La  Marche  Mfx;.  Co.,  6525  Olmsted 
Ave.,  Chicago  31,  Ill.  The  selen¬ 
ium  rectifier  with  a  reactor  type 
I  control  which  maintains  constant 
d-c  voltage  has  many  potential  uses 


in  the  industrial  field.  It  is  a  full- 
wave  bridge  type  suitable  for  any 
a-c  frequency  and  a  line  voltage 
of  115  to  230  volts. 


Industrial  Sockets 

American  Phenolic  Corp.,  1830 
South  Fifty-Fourth,  Chicago  50, 
Ill.  Panel-mounting  sockets  for  in¬ 
dustrial  tubes  with  either  4-pin  UX 


NEW  PRODUCTS  (continuM) 

bases  or  super  jumbo  and  industrial 
4-pin  bases  are  available  with  or 
without  the  back  terminal  block. 
Solderless  screw  terminals  are  used. 


Tester  Modernizers  • 

Radio  City  Products  Co.,  Inc.,  152 
W.  25th  St.,  New  York  1,  N.  Y.,  has 
two  models,  120  and  125,  in  its  new 
modernization  unit,  designed  to 


meet  the  problem  of  obsolescent 
tube  testers.  Each  has  a  flexible 
cable  with  a  plug  that  is  inserted 
into  the  socket  of  the  old  tube 
tester.  New  tubes  are  then  tested 
in  sockets  provided  in  the  units. 


Milliammeter 

Marion  Electrical  Instrument 
Co.,  Manchester,  N.  H.  The  Model 
56  bakelite-encased  meter  is  a  large 


dial  instrument  designed  for  easy 
reading  at  a  distance.  It  has  a  100- 
degree  arc  and  a  5.5-inch  scale 
length. 


Portable  Shop 

Radio  City  Products  Co.,  Inc.,  152 
West  25th  St.,  New  York  1,  N.  Y. 
Model  8073  Servishop  comprises 
tube  tester,  multitester,  f-m  signal 
generator,  a-m  signal  generator, 
audio  oscillator,  and  capacitor 
tester.  The  equipment  is  housed  in 


The  ever-broadening  scope  of  radio  communication  neces¬ 
sitates  constant  changes  in  Communications  Systems. 

To  meet  the  demands  created  in  the  process  of  evolution. 
Radio  Receptor  introduces  the  "TELEPAK",  representing  the 
latest  engineering  advance  in  the  direction  of  practical 
transmitter  flexibility. 

All  the  elements  are  part  of  an  integrated  system,  designed 
for  adaptability  to  every  requirement — with  a  minimum  of 
obsolescence. 

In  its  mechanical  make-up  the  TELEPAK  consists  of  separ¬ 
ately  removable  units  or  cells  in  a  basic  cabinet.  The  cells 
are  standard  in  construction,  varying  in  size  from  one-third 
the  height  of  the  cabinet  to  full  cabinet  height,  according  to 
specific  power  requirements. 

The  advantage  of  this  is  obvious  as  it  permits  the  use  of 
R.  F.,  Modulator  and  Power  Supply  Cells  in  a  wide  variety  of 
frequencies  and  power  ratings. 

For  complete  details  write  for  the 
"Telepak"  Handbook,  just  off  the  press. 

Address  Dept.  C  4 


Communications  Division 

iiAiHo  itKCKrToit  ro.Mr.wY.  i.\r. 

Since  1922  in  Radio  and  Electronics 
251  WEST  19th  STREET  •  NEW  YORK  11,  N.  Y. 
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12  VESTRY  ST 


•  PLASTIC  FABRICATING  • 

BAKELITE  AND  FIBRE  FABRICATED  PARTS 
PUNCHING.  DRILLING.  MILLING  AND  ENGRAVING 

•  BAKELITE  SHEETS,  RODS,  TUBES  • 

Mail  Um  Yarn  Prints  or  Samples  lor  Quotations 

ELECTRICAL  INSULATION  CO.,  INC. 

ir  ST.  NEW  YORK  13.  N.  Y. 


\\  The  Shape  and 

need! 


PARAMOUNT 


‘.'o'.'ii  PAPER  TUBES 


All  Sizes  In 


Square  and  Rectangular  Tubes 


Leading  manufacturers  rely  on  the  quality 


and  exactness  of  PARAMOUNT  paper 


tubes  for  coil  forms  and  other  uses.  Here 


you  have  the  advantage  of  long,  specialized 


experience  in  producing  the  exact  shapes 


and  sizes  for  a  great  many  applications 
Hi-Dielectric,  Hi-Strengtb.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination 
Wound  on  automatic  machines.  Toler 
ances  plus  or  minus  .002*.  Made  to  your 
specihcations  or  engineered  for  YOU 


Handle  today  s  problems  in 
radio  design  and  research 

^wftfe  this  ■  \ 

UP-TO-THE-MINUTE 

treatment  of 

RADIO  ENGINEERING 


Just  Published 

• 

Third  Edition 

This  revised  aed 
eelorved  third  ^ 

edWee  hi9hli«bts 
preseet-dey  de- 
velepeieets  ie  el-  Bl 

tre  hlfh  freqeeecy  ^ 

I  eed  microwave  T 

I  techelqees  —  wide  a 

hood  aed  poise  1 


■> 

:\m> 


A  practical  handbook.  It  provides  a  elnxle  ref* 
erence  source  coverinK  the  entire  field  of  radio 
enffineering.  It  brings  you  detailed  explana¬ 
tions  of  frequency  modulation,  television,  pulse 
techniques,  and  exploitation  of  the  higher  fre¬ 
quency  parts  of  the  spectrum.  You’ll  find 
quickly  the  answers  you  want  on  everything 
from  fundamental  properties  of  electron  tubes, 
tuned  amplifiers,  and  vacuum-tube  oscillatora 
to  generation  of  special  wave  shapes,  radar, 
radio  aids  to  navigation,  and  television.  A  care¬ 
fully-planned  chapter  on  circuits  with  distri¬ 
buted  eonstants  gives  full  coverage  to  trans¬ 
mission  lines,  wave  guidea  and  cavity  resona¬ 
tors.  Detailed  material  on  electron  tubes 
includes  electron  optica,  transit-time  effecta 
and  tubes  such  as  the  reflex  klystron,  magne¬ 
tron.  and  traveling-wave  tube. 

RADIO 

ENGINEERING 

(Third  Kdltton) 

By  FKEDBKICK  EMMONS  TERMAN 

Professor  of  Electrical  Engineering  and  Dean  of  tM 
School  of  Engineering,  Stanford  University 
S91  pages,  6x9,  609  illnstratlons,  $7.00 
The  new  edition  of  this  well-known  book  combines  tbs 
wealth  of  dependable,  basic  information  which 
previous  editions  famous,  with  the  matarlal  you  need 
today  to  meet  modem  high-frequency  itemeiirta  end 
expMt  thmr  peeslblllUes.  Hundreds  of  oxeeUent  illustrs- 
tloas — ourve  charts,  diagrams,  graphs,  drawings,  dreolt 
diagrams  and  tables — reflect  current  needs  and  practleea 
Televlalan.  radar,  frequency  modulation,  ste.,  are  dis¬ 
cussed  In  eompact  summaries  which  outline  their  basis 
prlnelplas;  actual  techniques  are  Included  throughout, 
particularly  In  the  chapters  dealing  with  tubes,  ampli¬ 
fiers,  generation  non-llnear  wave  forms,  etc. 

A  few  of  the  subjects  coverad: 

— clrcaits  having  distributed  constants 
—electromagnetic  focusing  systems 
— transit  time  effects  in  diode  and  triode  tubes 
-cathode-coupled  amplUlera 
— wlde-band  ladio-frequency  amplUlers 
— magnetron,  reflex  and  power  klystron  and 
travellng-wnve  tnbos 
— frequency  modniation  techniques 
— generation  of  non-Unear  wave  shapes 
— nltra-hlgh-freqnency  propagation 
—differentiating  and  integrating  circuits 
— television 


10  DAYS'  FREE  EXAMINATION 


/  PARAMOUNT  PAPER  TUBE  CORP. 

1  616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND.  J 

\  Manujactmrers  of  Paper  Tubing  for  the  Electrical  Industry  ^ 


MeOraw-Hin  Book  O.,  330  W.  42nd  81..  NYC  IS 
Send  me  Terman's  Badio  Engineering  for  10  days' 
examination  on  spprovaL  In  10  days  I  will  smd 
37.00.  plus  few  oenta  postage,  or  return  book  peet- 
pald.  (Poetage  paid  on  essb  orders.) 


City  sad  Stste . 

Compsny . 

Position  . L-4-48 

$8.40  In  Csnsds;  order  from  McOrsw-Hill  Compsny 
of  Csnsds  Ltd.,  13  Blchmond  Street  E.. Toronto,  1.) 
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fO«  OVCR  31  YIAHS  PlANNtBS  AND  MOUlDtUS  IN  PLASTICS 


Put  ’Em  Together  Right 


NEW  PRODUCTS  (cMHnucd) 

able  includes  type  6 ASS  beam  power 
amplifier;  tyi)e  36C6  beam  power 
amplifier  (particularly  useful  in 
a-c/d-c  receivers) ;  tsrpe  60C6  beam 
power  amplifier  that  is  the  approxi* 
mate  equivalent  of  the  50L6-GT. 


Literature, 


Outlets.  Alden  Products  Co.,  117 
North  Main  St.,  Brockton  64,  Mass. 
Three  types  of  power  outlet  and 
the  440  FH  extractor  fuse  holder 
are  fully  described  on  sheet  8C. 


R-F  Heating  Tubes.  Machlett  La¬ 
boratories,  Inc.,  Springdale,  Conn. 
A  quarterly  house  organ  gives  an 
extensive  technical  description  of 
the  new  line  of  r-f  heating  tubes, 
together  with  informative  data  in 
the  forms  of  tables  and  graphs. 


and  there’s  your 
Plastic  Part 


Multipurpose  Microphones.  Elec¬ 
tro-Voice,  Inc.,  Buchanan,  Mich. 
Detailed  specifications  for  crystal, 
dynamic,  and  carbon  microphones 
are  given  in  bulletin  No.  187.  Com¬ 
plete  adaptability  permits  widest 
use  in  public  address,  paging,  re¬ 
cording  and  communications. 


Better  yet^  let  us  do  it.  Timing  and  executing  all  the  steps 
that  go  into  plastic  production  calls  for  an  exfierienced ' 
hand.  So  it’s  no  puzzle  to  us.  We’re  veterans  in  the  in¬ 
dustry — we  can  show  you  a  nice  bri^t  accomplishment 
record  along  with  a  long  list  of  satisfied  customers — 
we’ve  got  the  plant,  personnel  and  equipment  to  do  a 
good  job  at  a  fair  price — and  we’re  interested  in  your 
business. 

"  We  offer  a  self-integrated,  dependable  source  for 
plastics  —  complete  from  design  and  engineering  to 
cost-conscious  finishing  equipment.  If  you’ve  got  a  com¬ 
pression,  transfer,  or  plunger  moulding  job,  look  us  up. 
Question  our  old  customers — or  let  a  Kurz-Kasch  sales 
engineer  give  you  the  story. 


Operation  Recorder.  Esterline- 
Angus  C!ompany,  Inc.,  Indianapolis 
6,  Ind.  Bulletin  247  contains  a  16- 
page  description  of  the  operation 
recorder,  its  design  features, 
methods  of  installation  and  appli¬ 
cations. 


Transmitting  Tubes.  United  Elec¬ 
tronics  Co.,  42  Spring  St.,  Newark 
2,  N.  J.  Latest  designs  in  tubes 
are  illustrated  in  the  new  12-page 
catalog,  l-GPW-7.  Four  new  types 
of  30-kv  vacuum  capacitors  are 
also  described. 


Kurz-Kasch,  Inc. 

Mas  S.  Broadway  •  Daylon  1,  Ohio 

MANCH  SALES  OEFICES:  New  York,  Imxington 
7-6677  •  ChicoBO,  Harrison  5473  •  Dofroit, 

Kondolph  3214  •  Franklin,  Po.,  Vonongo  County 
185  •  lo«  AnBolot,  Proipoef  7503  •  DoMoi, 

Lakotido  1022  •  St.  Louii,  Kotodalo  3342 

Toronto,  Conodo,  Adolaido  1377. 

EXPORT  OmCES:  89  Brood  Stroot,  Now  York 
Oty,  Bowling  Groan  9-7751. 


Electronic  Housings.  Par-Metal 
Products  Corp.,  32-62  49th  St., 
Long  Island  City  3,  N.  Y.  A  vari¬ 
ety  of  racks,  panels,  cabinets, 
chassis  and  parts  are  listed,  de¬ 
scribed  and  illustrated  in  catalog 
48.  Also  included  is  a  two-page 
numerical  index. 


Cable  Connectors  and  Vulcanize rs. 
Mines  Equipment  Co.,  4215  Clay- 
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hew  PHOOUCTS 

ton  Ave.,  St  Loula  10,  Mo.  Write 
for  Price  Section  No.  105  which 
is  a  catalog  listing  with  prices 
covering  molded  rubber  connect¬ 
ors  and  receptacles.  Bulletin 
RV106,  on  steam  and  direct-heat 
vulcanizers,  is  also  available. 


Tube  Testers.  The  Hickok  Elec¬ 
trical  Instrument  Co.,  10614  Du¬ 
pont  Ave.,  Cleveland  8,  Ohio.  A 
complete  line  of  indicating  instru¬ 
ments  and  radio  service  equipment 
is  described  and  illustrated  in  the 
24-page  catalog  No.  145A.  List  and 
net  prices  for  each  model  may  also 
be  obtained. 


Radiation  Instruments.  The  Vic- 
toreen  Instrument  Co.,  5806  Hough 
Ave.,  Cleveland, 


Several 

types  of  instrument  for  measuring 
different  phases  of  radiation  are 
pictured  in  a  four-page  folder. 
Operating  characteristics  of  each 
are  given. 


graot  mws  for  FM  and  TV  Sorvico  Shopsl  A  now,  top 
quality  swoop  signal  gonorotor— product  of  a  manufacturor  with 
vast  rosourcos,  advancod  onginoioring  “know-how",  and  war- 
Mma  oxporionco  in  producing  tost  oquipmont.  DIRICT  FROM  THE 
FACTORY— frt  •  phonomonoily  low  p^ol 


Hearing-Aid  Tubes.  Raytheon  Mfg. 
Co.,  55  Chapel  St.,  Newton  58, 
Mass.,  has  issued  a  subminiature 
tube  booklet  dealing  specifically 
with  a  variety  of  flat  hearing-aid 
types.  Included  are  electrical  and 
mechanical  data,  characteristics, 
graphs,  and  outline  drawings. 


•  Hi|li  fnqniKy  isMistisN 
Ikrasfhwt 

•  MaisHMR  wrtprt 
SM,000  «/V 

•  Pcocf  raqiiraf  lOS-tTS 
Vsit  5040  AC  35  With 

•  PwMf  Mss  niter  bsIH  Is 

•  Spscisi  SifliM  espedty 
lmis|  cwdcsssf 

•  PIM  li|lit  IIm  Mirsfsr 

•  Csssfstsr  Mrtprt  esa  bt 
Stef  sitlMr  frsqNscy 
SMdsIstif  tr  salt  IF 


FRONT  PANEL  CONTROLS 

•Swsw  vifth  500  K(  ts 
asrrei.  10  MC 

*  Pbssisf  CMrtrsi 

•  Tsaisf  mrsisr  roitrsl  10  to 
1  rstis 

*  Sdscls  twitch  PM— IF— CAL 

•  IF  Ostprt  CMrtrsi 

*  M  cycle  herteeatsl  tweet 
wrtyet 

•  Anphwwl  IF  eetpet  thielM 
cwmecter 


FREOUENa  RANCE 
3  RANDS 
(Ne  bod  twitchiai 
Mcettery) 

(2  te  227  Meiacyclet) 

•2-77MC 

•  40-154  MC 

•  151-227  MC 

•Celibrstlea  sad  refereace 

tcsiet 

•  Dial  tcsie  lsa|th 


•  iC4— Fixed  Ireoaeacy 
siedalsted  etcillater 

•  tC4— Ceatiaaeatly 
MrkMe  best  freqiescy 
etcillater 


Timing  Motor.  The  Bristol  Motor 
Co.,  Forestville,  Conn.  Design, 
construction,  applications  and 
specifications  of  the  Circle  B  a-c 
selfstarting,  synchronous  timing 
motor  are  set  forth  in  a  recent  4- 
page  folder. 


•AC4-Mixer-Cstbede 
fellewer  eatpat  tabs 

*5T3-Rsctinertsbs 


iaclediaf  Mafic  Eye. 

OO-tOlMC. 


I  PrLftdw  loot*  eouplins. 

^R\  I  Cbecfci  loop  •  oeeilUtor 

i  JHl  ^  trseklns.  Ineresfet  or* 
V  C|g/  ■  ricl«ic7  or  recetTor’i 

aUfomant  or  mlttrsck* 
-  R  Ins.  Enables  the  terrlee 
^  enflneer  to  make  sain 

measurements.  ProTes- 
slonal  appearance  and 
results,  ita  be  used  on  any  signal  m  mc 
fsoarator.  Complete  with  operatlnc 
instructions. 


Parts  Catalog.  Bud  Radio,  Inc., 
2126  E.  55th  St.,  Dept.  A,  Cleve¬ 
land  3,  Ohio,  has  issued  a  catalog 
illustrating  and  describing  over 
1,100  different  products  in  the 
radio  parts  field.  Standard  items 
and  many  new  products  are  cov¬ 
ered. 


For  use  with  le.T  MC 
I.F.8..  high  Q  res¬ 
onant  tuDsd  lints. 
Heary  alirtr  ortrlay 
on  Unas  and  con-  A 
taetsrs.  High  fra-  I 
quancy  Insulation  M 
throughout  I-BF  I 
itaga,  datactor.  and  I 
oiclllater.  Largt  7-  ^ 
slldamla  dlaL  Chattia 
riottad.  non-mlciopboale. 


High-Vacuum  Apparatus.  Central 
Scientific  Co.,  1700  Irving  Park 
Road,  Chicago  13,  Ill.  High- 
vacuum  pumps  and  a  wide  variety 
of  accessories  are  covered  in  a  48- 
page  pamphlet.  Bulletin  10.  Illus¬ 
trations  and  complete  technical 
data  are  included. 


Multiple-Arm  Relays.  Signal  En¬ 
gineering  &  Mfg.  Co.,  154  W.  14th 


ELEanONICS  — April,  1949 


TWIN  Power  Supply 


Electronically 
Regulated  lor 
Precise 

Measurements 


Two  independent  sources  of 
continuously  variable  D.C. 

•re  combined  in  this  one 
convenient  unit.  Its  double' 

■tility  makes  it  a  most  use¬ 
ful  instrument  for  loboratory  and  test  station  work.  Three 
^ower  ranges  av  instantly  selected  with  a  rotary  switch: 

175-350  V.  at  0-60  Ma.,  terminated  and  con¬ 
trolled  independently,  may  be  used  to  sup¬ 
ply  2  seporate  requirements. 

0-175  V.  at  0-60  Ma.  for  single  supply. 

175-350  V.  at  0-120  Ma.  for  single  supply. 

!■  addition,  a  convenient  6J  WJlC.  filament  source,  is  pro¬ 
vided.  The  normally  floating  system  is  praperly  terminated  for 
•xternal  grounding  when  desired.  Adequotely  protected 
■gainst  overloads. 


Output  voltage  variation 
less  than  1  %  with 
change  from  0  to  full 
load. 

Output  voltage  variation 
leat  than  I  Y.  w  i  t  h 
change  from  105  to  125 
A.C.  Line  Voltage. 
Output  ripple  and  noise 
less  than  .025  V. 


Twin  Power  Supply  Model  210 
Complete  $130.00 

Dimensions:  16"  x  8"  x  8"  Skipping  Wt.  35  lbs. 

(Other  types  for  your  special  requirements) 

FUBST  ELECTRONICS 

806  W.  North  Are.,  Chicago  22,  Illinois 


P"  (S 


\0 


AC'- 


rci 


ct'' 


new  products  (continiMd) 

St,  New  York,  N.  Y.  Bulletin 
50-65  treats  of  a  series  of  sensa- 
tive,  multiple-arm  relays  adapt¬ 
able  to  a  wide  variety  of  circuit 
arrangements.  The  pamphlet  gives 
design  features  and  ordering  in¬ 
formation. 


Stop  Organic  Attack 
and  Moisture 
Infiitration- 


Instrumentation.  Hewlett-Pack¬ 
ard  Co.,  395  Page  Mill  Road,  Palo 
Alto,  Calif.  Catalog  18A,  along 
with  a  6-page  folder  and  five  single 
sheets  deal  with  laboratory  instru¬ 
ments  designed  for  speed  and  ac¬ 
curacy  of  audio  measurements. 
Complete  description  and  specifi¬ 
cations  of  each  are  given. 


APPLICATION 


OVERALL  VARNISH 


28-OB-SA 


OVERAU  LACOUER 


Broadcast  Station  Light.  Cannon 
Electric  Development  Co.,  3209 
Humboldt  St.,  Los  Angeles  31, 
Calif.  The  type  Q  indicator  light 
for  broadcast  stations,  or  where- 
ever  controlled  warning  lights  are 
required,  is  described  and  illu¬ 
strated  in  bulletin  Q-1. 


25X-OB-SA 


HOOKUP  WIRE 


SN-1 5-OS-SA 


OVER-ALL  VARNISH 


WAX  CONCENTRATE 


FUNGICIDAL  CODES:  A — Phanyl  M*rcuric  Salicylate,  T — Phenyl  Mercuric  Stearate, 
PA — Pentachlorophenoi,  SA — Salicylanilide,  OB — Phenyl  Mercuric  Ortho  Benzoic 
Sulohimide 


Oscilloscope  Recorders.  The  Elec- 
trodjme  Co.,  899  Boylston  St., 
Boston  15,  Mass.  Telemetering  and 
ionosphere  research  oscilloscope 
recorders  can  be  engineered  to  fit 
particular  requirements.  Sample 
specifications  are  found  in  a  re¬ 
cently  revised  4-page  bulletin 
available  at  request  on  business 
letterhead. 


A  COATING  FOR  EVERY 
APPLICATION . . .  COMPONENTS, 
WIRING,  CHASSIS,  PANELS! 

INSL-X  fungicidal  coatings  absolutely  inhibit 
organic  attack;  prevent  moisture  infiltration. 
Years  of  research  and  improvement  have  made 
these  products  the  finest  available  for  protect¬ 
ing  electronic  equipment,  wiring  and  com¬ 
ponents  against  the  deteriorating  effects  of 
moisture,  mildew  and  corrosion. 

INSL-X  coatings  are  available  in  many  types* 
each  of  which  offers  the  maximum  protection 
for  a  specific  group  of  requirements — impreg¬ 
nation,  surface  coating,  high  dielectric  strength, 
low  loss  characteristics,  etc.  All  of  the  coat¬ 
ings  are  easy  to  apply,  biologically  effective, 
non-toxic  to  humans  and  non-corrosive.  Chem¬ 
ical  and  thermal  stabilities  are  excellent  and 
insure  long  term  protection  in  every  applica¬ 
tion.  INSL-X  fungicidal  coatings  meet  rigid 
government  specifications. 

Write  for  complete  specifications  and  application 
i  data  on  all  INSL-X  insulating  coatings  and  com¬ 
pounds — fungicidal  and  regular;  no  obligation. 


Phase  Monitor.  Andrew  Co.,  363  E. 
76th  St.,  Chicago  19,  Ill.  Complete 
details  of  the  type  40-C  phase  mon¬ 
itor  are  set  forth  in  the  recently 
issued  bulletin  47. 


Relative  Humidity  Recorder.  Ser- 
dex  Inc.,  91  Cambridge  St.,  Boston 
14,  Mass.  The  Microhygrograph, 
an  instrument  designed  for  accu¬ 
rate  readings  of  minute  fiuctua- 
tions  of  relative  humidity,  is 
featured  in  bulletin  No.  311. 


e\  coo'*** 


Electrical  Steels.  The  American 
Rolling  Mill  Co.,  703  Curtis  St., 
Middletown,  Ohio.  A  new  catalog 
deals  with  Tran-Cor  X,  XX,  and 
XXX  iron-silicon  alloys  developed 
especially  for  low  core  loss  and 
high  permeability  in  the  rolling 
direction. 


MANUFACrmiHG  ENSINEEK  Of  INSULATING.  FUNGICIDAL  AND  WOTtOIVE  ELEaHICAl  C0ATIM6S 


INSL-X 

AGENTS 


DAN  J.  CONNOR 
B33  Rual  Estal*  TrutI  Bldg. 

Phllodalphia  7,  Fonno. 

HOLLIDAY  HATHAWAY  DEAN  THOMAS 

SALES  CO.  726  Main  Stroot 

338  Main  StrMt  Buffalo  3,  N.  Y. 

Cambridga  43,  Mom.  , 

R.  A.  STEMM  WHITE 

31  E.  Von  Buran  Sf.  Bulkloy  Building 

Chicago  5,  III.  ClRVolond,  Ohio 


B.  B.  TAIYOR 
107  William  Stroot 
Naw  Yofk,  N.  Y. 

H.  C.  SWEET  CO. 
3739  Fankall  Ava. 
Dotroil  31.  Mich. 

J.  C.  VAN  GROOS 
1406  South  Grand  Ava. 
Lot  Angalot  15,  Calif. 


L.  C.  R.  SALES  CO. 

P.  O.  Box  1191 
Austin  6,  Toxot 

O.  BIEDERALANN  CO. 
1514  Univorsity  Towor 
Montroal,  Canada 

C.  B.  ANDERSON  CO. 
10  E.  4th  St.  Building 
Tulto  3,  Oklahoma 


Tube  Literature.  Radio  Corpora¬ 
tion  of  America,  Harrison,  N.  J., 
recently  issued  three  4-page  pam- 
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The  Allen  mfc.  Company 

HARTFORD  2,  CONNECTICUT,  U.  S.  A 


DE  synthetic  sapphire — the  non- wearing 

jstrial  material — is  now  being  offered  in  a  ^ 

er  range  of  sizes,  for  a  wider  range  of  uses.  ( 

thetic  sapphire  is  currently  used  for  bear-  V^i^y 

i,  gages,  electrical  insulators,  dies,  balls 

possibilities  are  infinite! 

Centerless-ground  rounds  come  0.020  to  0.70  in.  in  diameter,  and  in  various 

_  lengths,  sawed  to  your  requirements. 

The  rounds  can  be  polished  to  a  super-smooth  finish, 
WjljilMHj|ij|||  if  you  so  specify.  They  save  fabricating  time;  there  is 
.little  material  waste.  )^"rite  for  more  information. 


VUm  iH  I->nde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 
30  East  42nd  Street  |im  New  York  17,  N.  Y. 
In  Canada: 

Dominion  Oxygen  Company,  Limited,  Toronto 
The  irord  "Linde’*  ia  a  trade-mark  of  The  Linde  Air  Producta  Company 


Holds  to  Driver 
for  fast  assembiin^; 
Stays  fast  in  flush  set-ups 

These  advantages  reach  all  the 
way  down  to  the  smallest  "V”- 
Head  Cap  Screws  made.  Illus¬ 
tration  shows  a  No.  4  (stock 
size  ’’Allen”)  held  on  a  ’’Handi- 
Hex”  Allen  Driver,  —  fastest 
fastening  combination  for  small 
parts  in  electronic  devices. 
Positive  hex -socket  wrenching 
achieves  tight  set-ups;  thread¬ 
ing  to  high  Class  3  fit  keeps  them 
tight... Write  us  for  informative 
data  and  samples; 

your  local  ALLEN 

.r 

ttfl  Distributor 
1**  ,  supplies  the 


DDsignars  and  Manufacturart 
of  troadcost  Spooch  Equip- ^ 
m«nt.  School  Sound  Syst*m$  . 
and  Rocording  Equipmont.  ' 


WITH  CUSTOM  -  BUILT  FEATURES 


Dosignod  and  Fobricotod  by 
tho  Monufocturon  of  High 
Quality  Sound  and  Rocording 
Equipment  for.  tho  Motion 
Pictur*  Industry. 


Bardwell  &  McAlister’s  new  line  of  Commercial  Amplifiers 
answers  the  great  demand  of  sound  engineers  for  commercial 
amplifiers  embodying  the  principles  used  in  '‘custom-built' 
units  which  have  been  successful  in  the  sound  equipment  of 
the  motion  picture  industry.  These  principles  result  in  high 
fidelity  reproduction  at  any  setting  of  volume  controls  up  to 
full  rated  output  with  less  than  4  %  distortion,  versatility  of 
application,  ease  of  operation  and  the  longer  life  found  only 
in  Bardwell  &  McAlister  Studio  Quality  Amplification 
Systems.  Manufactured  by  Union  Craftsmen  and  fully  licensed. 

Write  for  our  sound  equipment  catalog  and  J 
technical  bulletins.  Dealer  inquiries  invited,  j  ^ 


y  ELECTRONIC  DIVISION 

|DW£iL  &  McAlister,  inc 

1310,  HOLLYWOOD  28,  CALIFORNIA 


PRODUCT 
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new  WOOUCTS  (continued) 

phlets  on  electron  tubes.  AN-122 
deals  with  compensation  of  fre¬ 
quency  drift;  AN-123,  receiver 
microphonics  caused  by  heater- 
cathode  capacitance  variations ; 
and  a  technical  bulletin  covers 
the  66H6,  a  miniature  sharp-cutoff 
pentode. 


Plastics  Heaters  and  Welders. 
American  British  Technology,  Inc., 
67  Park  Ave.,  New  York  16,  N.  Y., 
distributors  for  Radio  Heaters 
Ltd.,  Wokingham,  England.  Pam¬ 
phlets  describing  various  models 
of  Radyne  plastics  preheaters  and 
a  plastics  seam  welder  give  com¬ 
plete  specifications. 


Selenium  Rectifiers.  General  Elec- 
trict  Co.,  Schenectady  5,  N.  Y.  Bul¬ 
letin  ETR  gives  two  pages  of 
description  and  technical  informa¬ 
tion  on  models  6RS5GH1,  and 
6RS5GH2,  one-inch  square  sele¬ 
nium  rectifiers. 


Molded  Bobbins.  Mayfair  Molded 
Products  Corp.,  4440  N.  Elston 
Ave.,  Chicago  30,  Ill.  A  four-page 
brochure  shows  available  phenolic 
coil  forms  or  bobbins.  Special 
sizes  can  be  molded  to  specifica¬ 
tion. 


Data  Sheet  The  Victoreen  Instru¬ 
ment  Co.,  5806  Hough  Ave.,  Cleve¬ 
land  3,  Ohio.  The  VXR-130,  a 
gaseous  voltage-regulator  tube  in¬ 
tended  for  low-power  applications, 
is  discussed  along  with  typical  cir¬ 
cuit  and  characteristics  on  data 
sheet  1. 


Air-Flow  Switches.  Coral  Designs, 
P.O.  Box  248,  Forest  Hills,  N.  Y. 
Bulletin  101  treats  safety  switches 
for  communication  and  industrial 
equipment  using  air-cooled  elec¬ 
tronic  tubes.  The  switches  de¬ 
scribed  are  designed  to  insure 
against  tube  failure  due  to  lack  of 
air  flow. 


ELEaRICOIL  TRANSFORMER  COMPANY  has  special¬ 
ized  since  1936  in  the  design  and  manufacture  of 
high  quality  custom-built  and  standard  industrial  trans¬ 
formers,  reactors  and  coils,  of  any  size,  for  any 
application. 

Electricoil  transformers  include  units  from  one 
volt  to  100,000  volts,  or  over,  whether  at  few  milli- 
amperes  or  at  thousands  of  amperes.  This  specialty 
line  of  transformers  is  designed  for  heating,  testing, 
x-ray,  rectifiers,  signalling,  transmitting,  television  and  ■ 
other  applications. 

For  high  quality  transformers,  reactors,  coils  and 
rectifier  power  units  it's  ELECTRICOIL! 


Insulation  Tester.  American  Brit¬ 
ish  Technology,  Inc.,  57  Park  Ave., 
New  York  16,  N.  Y.  as  distributors 
for  Bowthorpe  Electric  Co.,  Ltd., 
Oxford,  England,  have  a  descrip- 


ELECTRICOIL  TRANSFORMER  CO. 

Electrical  Mfrs  Since  1936 

417-421  Canal  Street  •  New  York  13,  N.  Y. 

WAIker  5-5465 
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RESISTORS 

IS  OUR  BUSINESS 

In  the  field  of  resistors,  the  name  ALLEN-BRADLEY  stands  for 
the  utmost  in  quality  and  dependability — acknowledged  leader¬ 
ship  and  unchallenged  prestige. 

If  you  need  ALLEN-BRADLEY  resistors,  we  are  proud  to  be  able 
to  deliver  them  from  stock— all  ohmages,  wattages  and  toler¬ 
ances.  ,  • 

• 

We  urge  you  to  write,  telephone  or  wire  your  order  to  us  at  once 
as  our  service  is  prompt  and  delivery  is  made  from  stocks. 

'  ami  Mica  Capacitors. 


Foraign  inqHlrlos  invitod. 
Wo  axport  to  all  countriot 


WRITE  FOR 

new  piice  list  #4-S1. 


LEGRI  S  COMPANY,  Inc. 

846  Amsterdam  Avertue 
New  York  25,  N.Y. 

Telephone:  ACademy  2-001 8 

See  our  "Open  Letter"  advertisement  on  page  220 — February  1948  issue  of  Electronics 


CUSTOM  BUILT 

FRACTIONAL  H.P.  MOTORS  .... 


ENGINEERED  "PRECISELr 

to  fit  your  most  exalting  applications 


VARIABLE  VOLTAGE  DRIVES 
LOW  INERTIA  DC  MOTORS 

DYNAMOTORS 

either 

Permanent  Magnet 
or 

Wound  Field 


MOTOR  GENERATOR  SETS 
UNIVERSAL  MOTORS 
SYNCHRONOUS  MOTORS 
SELSYNS  (POWER  TYPE) 
SINGLE  PHASE  MOTORS 
3  PHASE  MOTORS 

Capacitator  Start 
&  Split  Phase 
Repulsion-Induction 


MANUFACTURING  CO. 


8  ACKERMAN'  A  VE.  C  L  I  F  T  0  N,  N.  J. 


.UlLllOt 


PRECISION  Series  866 

DUAL-SENSITIVITY 

Push-button  operated,panel  mounted, 
Wide-Range  AC-DC  Test  Set  with  full- 
view  9"  meter  &  Remote  Selector  Unit. 

5000  and  1000  OHMS  PER  VOLT  D.C 
100  OHMS  PER  VOLT  A.C 
Indispensable  to  the  well  equipped, 
electronics  service-maintenance  la- 
borertory  and  classroom. 

The  extra-lcnrge  9"  meter  and  re¬ 
mote-control  selector  unit  afford 
unparalleled  visibility  cmd  operation¬ 
al  efficiency. 

SPECIFiaTIONS 

•k  8  D.C.  VOLTAGE  RANGES; 

5000  and  1000  ohms  par  volt 
k  8  A.C.  VOLTAGE  and  OUTPUT  RANGES: 

1000  ohms  par  volt. 
0-3-6-12-60-300-600-1200-6000  volts 
k  8  D.C.  CURRENT  RANGES: 

0-.3  1. 2-3-30-300-600  M.A. 
0-1.2-12  Amparas 
k  6  RESISTANCE  RANGES: 

seli-containod  to  20  Mogohmt. 
0-2000-20.000-200.000  ohms 
0-2-20-200  Mogohms 

k  9"  200  micToamp.  METER:  2%  accuracy. 
W  1%  Wiro-wound  &  Matallizod  Rosistors. 
k  All  standard  moosuramants 

at  only  two  polarisod  tip  lacks. 
k  6000  volt  sofoty  lacks. 

886  (illustrated)  In  standard  panel  mount, 
size  19"xl2V.i''  with  rear  dust  cover  6" 
deep.  Complete  with  high  voltage  test 
leads  and  ohmmeter  botteries. 

NET  PRICE  S84.IS 

Sr*  the  Precision  line  of  electronic  test 
instruments  at  all  leading  radio  eguip- 
ment  distributors  or  write  direcfJy  lor 
complete  1948  catalog. 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Blvd. 
Elmhurst  1 0,  N.  Y. 


Export  Division,  458  Broadway,  New  York  Cnr 
U.  S.  A.  Cablet,  MORHANEX 
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POSITIVE  FLUX  CONTROL 


MfW  PRODOCTS  vCQiitinutd) 

tive  brochure  on  the  Triometer,  an 
insulation  tester  built  around  an 
alternating  current  generator.  Re¬ 
sistance  scale  for  several  models 
is  0  to  50  megohms. 


Standardize 

on  KESTER  Cored  Solders! 


Speed  Control.  Yardeny  Labora¬ 
tories,  Inc.,  105-107  Chambers  St., 
New  York  7,  N.  Y.,  has  recently 
issued  information  describing  the 
D3ma-Link,  a  packaged  speed  con¬ 
trol  for  variable  speed  transmis-. 
sions 


Insulation  Testers.  James  G.  Bid¬ 
dle  Co.,  1316  Arch  St.,  Philadel¬ 
phia  7,  Pa.  Bulletin  21-45  treats 
all  phases  of  the  hand-operated 
type  of  Megger  insulation  tester. 
Applications,  specifications  and 
prices  are  included. 


Test  Films.  Society  of  Motion 
Picture  Engineers,  342  Madison 
Ave.,  New  York  17,  N.  Y.  has  pre¬ 
pared,  in  conjunction  with  the  Mo¬ 
tion  Picture  Research  Council,  a 
catalog  of  16-  and  35-mm  test 
films.  Films  listed  should  prove 
valuable  to  television  broadcasters 
and  experimenters. 


Be  absolutely  sure  of  the  correct 
amount  of  flux  and  get  perfect 
soldering  results  every  time.  Use 
Kester  Cored  Solders  with  their 
scientific,  pure  and  uniform  flux 


Portable  pH  Meter.  Muirhead  & 
Co.  Ltd.,  Beckenham,  Kent,  Eng¬ 
land.  Bulletin  B-593-B  describes 
and  illustrates  the  type  D-449-A 
portable  instrument  which  in¬ 
cludes  all  accessories  for  the 
measurement  of  pH  in  any  loca¬ 
tion. 


Troubled  with  a  difficult  solder¬ 
ing  operation.^  Consult  our  engi¬ 
neers  on  any  soldering  problem. 
No  obligation  to  you. 


Tantalum.  Fansteel  Metallurgical 
Corp.,  North  Chicago,  Ill.  In  a 
20-page,  illustrated  booklet,  the 
physical,  chemical,  and  electrical 
properties  of  the  metal  tantalum,  a 
useful  material  in  electronic  tubes, 
are  tabulated  and  discussed.  Com¬ 
parisons  with  some  better-known 
metals  are  made. 


KESTER  SOLDER 
COMPANY 

4204  Wrightwood  Av«. 
Chicago  39,  Illinois 


Electronic  Computer.  Reeves  In¬ 
strument  Corp.,  215  East  91  St., 
New  York  28,  N.  Y.  The  Electronic 
Analogue  Computer  has  been  de- 
•scribed  in  block-diagram  style  in 
a  booklet  just  released.  The  in¬ 
strument  is '  especially  suited  for 


FACTORIES  ALSO  AT 
NEWARK,  NEW  JERSEY 
BRANTFORD,  CANADA 
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Series  ZT  Greenohms  tor  hcauly 
stacking. 

Connected  together  or  sepa¬ 
rately.  Adequate  spocing  tor 
cool  operation. 

Qearonce  of  No.  10  screw 
through  collars.  9/32"  spacing 
required  lor  each  stacked  unit 

Wire-wound.  Famous  Cloro- 
stat  cold  •  setting  inorganic 
Greenohm  cement  coating. 
Won't  chip,  flake,  crack. 

In  standard  30,  40,  55,  65  and  75 
watt  ratings.  Total  resistance 
values  of  10,000  to  50,000 
ohms. 


'Ike  PBOGRlSSVV^^  co- 


Thv  \etv  Mfurnsivitit 

UPFIO  DEMINERAllZERS 

Supply  water  oi  FAR  HHiHEH  KESISTA\4  E 
with  GREATEH  EASE  and  at  LESS  COST 


Teds  Iie«^  developed  principle  need  in 
these  UrFLO  Models  pins  the  use  of 
improved  synthetic  resins  represents  a 
notable  gain  in  Bam8tea<rs  70  year  record 
of  making  purer  water  avail^le  to  in* 
dnstry  at  an  ever  lower  cost  The  raw 
water  flows  UP  through  the  resins  which 
results  in  greater  efficiency  and  entirely 
hew  simplicity  of  operation.  Completely 
eliminates  the  need  for  backwashing.  Valve 
operations  are  reduced  and  regeneration 
time  cut  nearly  in  half. 

These  compact,  efficient,  cost-saving  units 
remove  all  metals  such  as  sodium,  potas¬ 
sium.  calcium,  magnesium,  iron,  copper, 
etc.,  as  well  as  sulfates,  carbonates,  bi¬ 
carbonates.  chlorides,  etc.  Constructed  of 
Stainless  Steel.  Flow  rates  from  3  to  100 
Gallons  per  hour.  Other  Bamstead  de- 
mineralixers  up  to  1.000  gallons  per  hour. 

Send  for  Bulletin  111  for  full  details 


Writ#  for  Bulle¬ 
tin  113.  Lot  ns 
quote  on  your 

needs. 


rutmnd  aSM*  U  FM-t.  Fam 

htd  Dmthh  mtrtam  VpFm  Typm  «<i 
•  got*  rmtm  af  SS  gib  fur  haw. 


snu  t  STERUJZERCabK. 


CIMOSTAT  MFC.  CO.  Jic.  •  285  7  St..  RrotUyi.  II.Y. 


228  Lanesville  Terrace  Forest  Hills,  Boston  31.  Mass. 


INITNEI 
SPECIAL  BY 
PIOCRESSIVE 
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industrial  applications,  and  for 
research  groups  requiring  rapid 
dynamic  solution  of  differential 
equations  with  a  minimum  of 
trained  personnel. 


Autotransfonner.  General  Radio 
Co.,  276  Massachusetts  Ave.,  Cam¬ 
bridge  89,  Mass.  An  eight-page, 
two-co\pr  pamphlet  describes  and 
illustrates  three  new  types  of  Var- 
iac,  a  continuously  adjustable 
autotransformer. 


by  usiig  these  HEW  RA/COH 
SREAKERS  oed  HORN  WHITS 


Price  and  Data  Sheets.  Western 
Union  Telegraph  Co.,  Electronics 
Research  Division,  Watermill,  L.  L, 
N.  Y.  A  single  page  covers  de¬ 
scription  of  the  t3rpe  K300AC  300- 
watt  concentrated-arc  lamp  and 
type  WM175  power-supply  unit 
Attached  is  a  price  list  for  a 
variety  of  these  units. 


Right— HEW  RADIAL  RE-ENTRANT  SPEAKER, 
mcelicnt  for  all  types  of  industrial  sound  installa¬ 
tions,  provides  superiative  and  complete  360°  speech 
intelligibility  by  efficiently  over-riding  foctory  high 
noise  levels.  Frequency  response  300-6000  cps. 
Handling  capacity  25  watts  continuous,  35  w.  peak. 
Has  mounting  bracket.  Size  12"  wide  ^12  H" 


High-Gain  Beacon  Antenna.  The 
Workshop  Associates,  Inc.,  66 
Needham  St.,  Newton  Highlands 
61,  Mass.  One  side  of  a  sheet  cov¬ 
ers  the  redesigned  152-162  me 
high-gain  beacon  antenna.  A 
variety  of  constant-impedance  con¬ 
nector  adaptors  with  their  prices  is 
also  listed. 


Left  —  NEW  SMALL  RE-ENTRANT  HORNS, 
extremely  efficient  for  factory  inter-com  ond  pog- 
ing  systems;  for  sound  trucks,  R.  R.  yards  and  all 
other  industrial  installations  where  high  noise  levels 
are  prevalent.  Watertight,  corrosion-proof,  easily 
installed.  Two  new  m(^els — type  RE-1  ^/2,  com¬ 
plete  with  Boby  Unit,  hondles  25  watts,  covers 
300-6000  cps;  type  RE- 12,  complete  with  Dworf 
Unit,  handles  10  watts,  has  freq.  response  of 
400-800  cps. 


Catalog.  Allied  Radio  Corp.,  833 
W.  Jackson  Blvd.,  Chicago  7,  III. 
The  172-page  1948  catalog  includes 
over  10,000  radio  and  electronic 
items  with  special  emphasis  placed 
on  equipment  for  industrial  main¬ 
tenance,  research  and  production 
requirements  as  well  as  for  the 
needs  of  government  agencies. 


Right— NEW  SPECIAL  PM  HORN  UNIT,  having 
Alnko  V  magnet  ring  completely  watertight,  housed 
in  a  heovy  aluminum  spinning.  Provides  extremely 
high  efficiency  reproduction  with  minimum  input. 
Hondling  capocity  35  watts  continuous,  60  w.  peok. 


Communications  Equipment.  J.  H. 
Bunnell  Co.,  215  Fulton  St.,  New 
York  7,  N.  Y.  A  handsomely-bound 
and  well-illustrated  catalog  covers 
standard  and  contract  telegraph 
communication  equipment  from 
buzzers  to  carrier  systems. 


To  the  more  than  60  <Uiferent  type  and  size  speakers  and  horn  units  that  already  com* 
prise  the  BACON  line — these  new  models  hare  been  added.  There  Is  a  BACON  speaker 
and  horn  unit  Ideal  lor  erery  concelToblo  sound  system  oppUcotlon.  BACON  hos  not 
only  the  most  complete  line,  but  also  has  the  most  preferred  line.  For  orer  20  years  lead¬ 
ing  Soundmen  hare  recognized  and  specified  them  because  of  dependability,  efflcleney 
and  low-cost  ond  becouse  the  reproducers  ore  trouble  proof. 


RACON  ELECTRIC  CO.*  INC. 

19Hi  S».,  New  York  3,  N.  Y, 


Write  for  catalog  describing 
BACON'S  Line  of  Homs, 
Speakers,  Units,  Accessories, 
Inc. 


Carrier  Telephone  System.  Lenk- 
urt  Electric  Co.,  1113  County  Rd., 
San  Carlos,  Calif.  Bulletin  62A 
is  a  68-page  engineering  report  on 
the  type  32  carrier  telephone  sys- 


ELECTRONICS 


for  ifudio  •  laboratory  •  manufacturer 


BEACH -RUSS 


VACUUM  PUMPS 


EqutPiwn# 


VULCAN 

Pygmy 


The  "pencil  type' 

ELECTRIC 

SOLDERING 

TOOL 

for  delicate 
soldering  jobs 


Model  M102 

FEATURES: 


•  SaMlatlao  irMter  than 

too  Unea. 

•  10*  Klneaoope  and  H 

ODcUkwcope.  ■ 

•  BuUt-ln  Bar  Generator  S 

for  eheekinc  horlaontal  WM  H 

and  rertlcal  linearity.  ■ 

•  Hoiiiontal  and  Tertleal  ■ 

Palae  Cima  phaaeable  H 

orer  entire  Klneecope.  ■ 

•  All  controls  aooeaelbla  9 

from  front  of  rack.  K;gKjBBJQM  M 

•  All  ports  readily  ae-  H 

oemible  for  ouiek  eerrlo-  BbR  ■ 

Inf  and  tesung. 

a  Monitor  section  occupies 
int'zlP*  panel  space 
and  may  be  mounted  at 
a  remote  point. 

a  Video  Input  high  Im- 
pediknoe. 

a  May  be  operated 
either  drlren  or  omn- 
posite  signals. 

a  Voltage  calibrator  for 

Ware  Form  Monitor.  'W 

Specifications 

Input  impedanea  of  Picture  Monitor  470.000  ohms. 
Picture  Ampllller;  Flat  to  7.S  Me  ^  1  db. 

Anudlfler:  Flat  to  S.  Me  ±  T  db. 

Inp^  Signal:  1  Volt  peak  to  peak. 

115  \olU  50/00  cycles — 0  amps. 

Complete  with  tube*  In  a  rack  83'x2J'x22'. 


A  Cool,  tapering 
wood  handle 
permits 

"writing"  grip. 


Va"  diameter 
^  screw  tip 


A  Flexible  coil  insures  cool 
handle  and  aids  in  reaching 
tight  spots. 


VULCAN  ELECTRIC  COMPANY 


DANVERS  10,  MASS. 

MAKERS  OF  A  COMPLETE  LINE  OF  ELECTRIC  SOLDERING  TOOLS— SCREW 
TIP— PLUG  TIP— PYGMY— MERCURY— ELECTRIC  GLUE  POTS— ELECTRIC 
SOLDERING  POTS  AND  OTHER  ELECTRICAL  HEATING  DEVICES. 


Unique  Design  of  Single  Stage 
Pump  Produces  High  Vacuum 
Faster,  More  Efficiently  and  Safely 


Portable  Picture  Monitor 


ELECTRONICS  AND  LAMPS 

Vacuum  exhausting  at  low  prassures  of  lamp 
bulbs,  fluorascent  tubas,  radio,  talavision  and 
alactronic  tubes,  X-ray  tubes,  photo-electric 
calls,  etc. 

ELECTRICAL  PRODUCTS 

High  vacuum  impregnation  of  coil  windings 
to  give  greater  strength;  dehydration  and 
impregnation  of  molded  or  compressed  graph¬ 
ite  parts;  daairing,  drying  and  impregnating 
insulating  paper,  cable,  motor  windings; 
dehydrating  insulating  oil;  filling  condensers. 


MODEL  102  MPS 


SPECIFICATIONS: 
a  Input  Impedance  470,00() 
ohms. 

a  Video  Amplifier:  Flat  to 
5  Me  :2:  1  db. 
a  Input  Signal:  1  volt  peak 
to  peak. 

a  115  Tolta  50/60  cycles, 
a  Complete  with  tubes. 


FEATURES: 
a  Resolution  500  lines, 
a  7'  Kinescope, 
a  High  Impedance  Inmit. 
a  Rugged  construction, 
a  sue  O'xie'zSO',  weight 
50  lbs. 

a  Klneecoiie  removable 
from  front  and  all  parts 
are  readily  accessible. 


Tha  pump  has  only  2  moving  parts  — 
rotor  and  slida  valva,  alwoys  com- 
plataly  saaled  in  pump  cylindar.  As 
rotor  turns,  slida  valva  acts  as  piston 
forcing  all  air  out  of  cylindar  through 
discharga  valva  and  lubricator  abova 
it,  craoting  a  constant  vacuum  bahind 
tha  slida  valva  piston. 

Tha  combination  of  mechanical  inlet 
sli^a  valva,  automatic  axhaust  valva, 
•hd  rotary  pump  with  rockar  oil  seals 
on  slida  valva,  account  for  tha  un¬ 
usually  high  vacuum  and  volumetric 
afficiancy  in  this  single  stage  pump. 


ADVANTAGES 

•  Top  Vacuum  —  to  2  microns 

•  High  Speed  Evacuation 

e  Noiseless  e  Vibrationless 
e  Low  Power  Consumption 
e  Long  Service  Life 
e  Capacities  to  84S  c.f.m. 


Dual  Portable  Picture  Monitor 

MODEL  102  MPD 

This  unit  has  the  same  performance  and  constructional 
leatnraa  as  the  single  portable  monitor.  ThU  unit  Is 
iuppllad  In  two  carrying  cases  oonsUting  of  a  coot  ml 
unit  and  the  dual  monitor  unit.  Each  monitor  may  be 
used  independently  of  the  other. 


Write  for  Catalog  No.  84 

BEACH-RUSS  COMPANY 

52  CHURCH  ST.,  NEW  YORK  7,  N.  Y. 


9  FERRY  STREET,  NEW  YORK  7,  N.  Y. 
Television  engineers  and  consultants  to 
the  nation's  great  television  stations. 
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THE  BARRY  CORPORATION 

formerly  I  N  BA««YCO  .  INC 

^  1  77  SIDNEY  SHEET 

Cambridge,  mass 


NEW  PRODUCTS  (conHuho  ) 

tern.  Included  are  frequency  allo¬ 
cations  for  carrier  telephone  and 
descriptions  of  the  terminals,  re¬ 
peaters,  pilot  regulators,  and  aux¬ 
iliary  units. 


Particularly  adapted 
to  Type  MT  Aircraft 
Mountinc  Racks. 


TypeM-112  Unit 
Aircraft 

Vibration  Isolator 


Radio  Products.  Alden  Products 
Co.,  117  North  Main  St.,  Brockton 
64,  Mass.  Three  loose-leaf  inserts 
cover  a  line  of  widely  varied  insu¬ 
lated  tube  caps,  wire  leads,  and 
molded  parts  or  service  now  avail¬ 
able. 


Control  of 

VIBRATION  and  IMPACT 


.  .  .  with  special  emphasis 
on  the  field  of  electronics 

We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  commercial,  in¬ 
dustrial  and  military  applications . . .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 

A  letter  from  yon  will  give 
ns  the  opportunity  to  dem- 
onstrate  how  we  can  help 

Catalogue  on  request 


Dynamotor.  Bendix  Aviation  Corp., 
Red  Bank,  N.  J.  A  four-page  folder 
treats  a  line  of  dynamotors  built 
small  and  light  for  compact  mobile 
radio  installations.  Performance 
characteristics  are  shown. 


Communications  Equipment.  West- 
inghouse  Electric  Corp.,  P.  0.  Box 
868,  Pittsburgh  30,  Pa.  Booklet 
B-S945  describes  and  illustrates 
new  point-to-point  radio  communi¬ 
cation  equipment.  Design  features, 
and  electrical  and  mechanical 
characteristics  are  given. 


BAUANTME  ELECTRONIC  VOLTMETER, 

A  DECADE  AMPLIFIER  and  MULTIPLIERS 


Continuous  Tuner.  Allen  B.  Du¬ 
Mont  Laboratories,  Inc.,  Passaic, 
N.  J.,  has  issued  a  bulletin  on  the 
Inputuner,  a  tuner  and  r-f  head 
covering  all  television  and  f-m 
channels  continuously  from  44  to 
216  me.  Input  circuit  is  low  im¬ 
pedance. 


Stringed  Instrument  Pickup.  Elec¬ 
tro-Voice,  Inc.,  Buchanan,  Mich. 
Bulletin  136  contains  complete 
specifications  and  instruction  for 
mounting  and  detaching  the  Model 
80  contact  pickup  microphone  for 
stringed  instruments. 


sine*  1935 

Hi*  only  VOLTMETER 
Eoatwring  a  simplifSad 


■1  MODEL  100  ELECTRONIC  VOLTMETER 


Tape  Recording.  Amplifier  Corp. 
of  America,  Magnephone  Division, 
398  Broadway,  New  York  13,  N.  Y. 
A  booklet  written  by  the  chief 
engineer  discusses  the  history  and 
advantages  of  magnetic  tape  re¬ 
cording.  Included  are  schematic 
and  block  diagrams,  and  a  classi¬ 
fied  list  of  possible  applications. 
The  booklet  is  available  postpaid 
upon  receipt  of  twenty-five  cents 
in  stamps  or  coin. 


10  MICROVOLTS  to  10,000  VOLTS 

ONE  BILLION  TO  ONE—Tba 


enormous  range  of  AC  voltages — is 
easily  covered  by  the  Model  300  Voltmeter,  Model  220  Decade  Amplifier 
and  Model  402  Multipliers  illustrated  above.  The  accuracy  is  2%  at  any 
point  on  the  meter  scale,  over  a  frequency  range  of  10  cycles  to  150  kilo¬ 
cycles.  The  Model  300  Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated)  supplies  ac¬ 
curately  standardized  gains  of  lOx  and  lOOx  and  the  Model  402  Multipliers 
extend  the  range  of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 

Descriptive  Bulletin  No.  10  Available 


BAilANTINE  LABORATORIES,  INC 
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JLL  you  need 
Radio  Parts. . . 


VNITED-CARK 
r  ASIENEB  Coip 

MUSSACHUStl'S 


CWBRlOGt 


NEWS  OF  THE  INDUSTRY 
(coatiNiMd  from  p.  I4S) 

Commission  to  accommodate  the 
terrain  proximity  indicator.  This 
will  enable  air  carriers  to  use  ex- 
istinsr  war  surplus  equipment  oper¬ 
ating  in  this  band  while  equipment 
designed  for  permanent  operation 
in  the  band  is  being  developed.  The 
aeronautical  service  will  vacate  not 
later  than  February  15,  1960.  Man¬ 
ufacturers  and  users  of  terrain 
proximity  indicators  were  urged  by 
the  Commission  to  take  inunediate 
action  on  development  and  procure¬ 
ment  for  operation  on  the  perma¬ 
nently  assigned  4,200-4,400  me 
band. 


in  quantities 


New  Frequencies  Available 

IH  ACCOBDANCE  with  the  Atlantic 
City  Radio  Regulations,  the  FCG 
has  announced  that  the  frequencies 
915,  2,450  and  5,850  me  may  be 
used  in  all  countries  of  the  Ameri¬ 
cas  for  industrial,  scientific  and 
medical  services. 

The  frequencies  available  for 
these  services  (reported  tentatively 
in  February  1948  Electronics  p 
242)  are  summarized  in  final  form 
as  follows : 

Center  Frequency 

Assinied  Band  &  Tolerance 

13,553.22-13,666.78  kc  13,560  ±6.78  ke 

26,960.00-27,280.00  kc  27,120±160.00  kc 
40,660.00-40,700.00  kc  40,680  ±20.00  kc 

890.00-  940.00  me  916  ±25.00  me 

2,400.00-  2,500.00  me  2,450  ±50.00  me 
5,776.00-  6,925.00  me  6,850  ±76.00  me 
10,500.00-10,700.00  me  10.600±100.00  me 
17,850.00-18,150.00  me  18,000±150.00  me 


suitable  to  Volume 


Production 


pay  you  to  call  upon 


of  United-Carr  and  its 


They  have  helped  many 


manufacturers 


The  23000  Series 
Variable  Air  Capacitors 


BUSINESS  NEWS 

Electronic  Associates,  Inc.,  has 
moved  to  large  and  more  modem 
laboratories  and  shops  at  North 
Long  Branch,  N.  J.  The  new  plant 
comprises  five  buildings  with  86,- 
000  sq  ft  of  floor  space. 

Audio  Equipment  Co.,  Inc.,  Elm¬ 
hurst,  N.  Y.,  was  recently  formed 
for  the  manufacture  of  portable 
electric  megaphones  and  other  au¬ 
dio-electronic  equipment. 

Carnegie  Institute  op  Technol¬ 
ogy  has  begun  construction  of  the 
building  for  housing  the  new  syn¬ 
chro-cyclotron  on  its  recently  pur¬ 
chased  60-acre  site  at  Saxonburg, 
Pa.  The  cyclotron  is  expected  to 
be  in  operation  early  in  1950.  Total 
cost  of  the  project  will  be  about  a 
million  dollars.  The  apparatus  will 
have  a  1,000-ton  electromagnet  and 


★  CUT  COSTS 


*'D«*ign«d  for  Application,”  doublo 
boarings,  stoolilo  ond  plolot,  cad¬ 
mium  or  tilvor  platod  braes  platos. 
Singlo  or  doublo  soction.  .020"  or 
.060"  air  gap.  End  plato  tizo:  1?^ 
X  1V^.  Rotor  plot#  radius:  ’Mz". 
Shoft  lock,  roar  shaft  oxtonsion, 
spocial  mounting  brockots,  otc.,  to 
moot  your  roquiromonts. 


★  SPEED  PRODUCTION 


★  TURN  OUT  FINER 
FINISHED  PRODUCTS 


JAMES  MILLEN 
MFG.  COo,  INC. 


MAIN  OFFICE  AND  FACTORY 

^  MALDEN 

MASSACHUSETTS 


MAKtHS 
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iramiMI 


OoaiiTy 


«RVIC£ 


HEAT  RESISTANT  WIRES  FOR  EVERY  APPLICATION 


THE  SlUCOCKS-MIUER  CO 


THE  LEWIS  ENGINEERING  CO 

'^U.L  n  c 

NAUGATUCK 


CONNECTICUT 


Blessed  Event  in  Advance  Family 

Advance  is  pleased  to  introduce  the  newest  and  smallest 
member  of  its  family  —  Tiny  Mite.  This  0.35  cubic  inch 
relay  is,  to  the  best  of  our  knowledge,  the  world’s  smallest 
relay.  Contacts  are  SPOT  and  rated  at  .35  amps  60  VDC 
or  115  VAC  (resistive  load).  Laminated  phenolic  keeps 
contacts  above  ground.  The  average  power  requirement 
is  from  .35  to  .50  watts,  but*  can  be  made  less  by  careful 
adjustment.  Coil  resistances  may  be  obtained  in  the  1  to 
2000  ohm  range  for  voltages  from  1  to  50  VDC. 

Write  today  for  further  details  arid 
catalog  of  complete  line. 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  W«>t  2nd  St.,  Lot  Angolot,  Californio  •  Phono  Michigan  9321 


You  can't  go  wrong  when  you 
depend  on  Sillcocks-Miller  for 
plastic  dials.  These  experienced 
engineers  are  recognized 
throughout  the  industry  for  their 
ability  to  fabricate  plastic  ma¬ 
terials  to  close  tolerances.  The 
combination  of  this  skill  and 
complete  production  facilities 
provides  a  dependable  source 
for  the  quality  and  service  you 
want — at  a  price  that's  right. 

Write  for  illustrated  booklet  or 
phone  South  Orange  2-6171  for 
quick  action. 


HEATING  UNITS  ^ 

HEATING  ELEMENTS  - 

RESISTANCE 
LINE  CORD 

THERMOCOUPLE  WIRE 

ASBESTOS  LEAD 
&  FIXTURE  WIRE 

'4 

INSULATED  ^ 
RESISTANCE  WIRE 

FIBERGLAS  "  ^ 
INSUUTED  WIRE 

WIRE  TO  ANY.^^j 
V  SPEqH(y(TI0HS's 


Do  your  new  circuit  designs  coll  ior  hecrt 
resistance  wire  that's  tough  and  rugged — 
wire  that  con  take  it  day  after  day  through 
countless  horns  of  operation?  Then  check 
Lewis  Asbestos  Covered  Wire  before  you 
specify.  Regardless  of  what  your  wire  prob¬ 
lem  is — dropping  excessive  voltages — fila¬ 
ment  dropping  resistor  in  the  line — high  cur¬ 
rent  conductors,  it  doesn't  matter,  just  .  .  . 


Send  your  electronic  control,  communications  or  appliance  wir¬ 
ing  specifications  tor  a  recommended  solution  by  our  engineers. 


FOR  A  TRIAL  ORDER  OR  A  CARLOAD  consuH 


10  Veil  takar  hnout,  MapItHoad,  M.  J. 
■oHlog  Mdraaai  Sooih  Oranga,  M.  1 
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NEWS  OF  THE  INDUSTRY  (cMHMMd) 

should  produce  350  million  electron 
volts.  Its  magnet  design  will  pro¬ 
duce  seven-eighths  of  the  proton 
ener^  of  the  largest  cyclotrons 
now  under  construction,  while  us¬ 
ing  about  one-half  of  the  steel  and 
requiring  only  60  percent  of  the 
electric  power  needed  to  operate  the 
largest  machines. 


TROUBLE-F 


Philips  Company  of  Eindhoven, 
Holland,  was  recently  appointed 
world-wide  distributor  of  Motoro¬ 
la’s  f-m  two-way  radiotelephone 
equipment. 


CUSTOM-BUILT 

TRANSFORMERS 

AND  ELECTRICAL  COILS 

Over  25  years  experi¬ 
ence  in  the  manufacture 
of  Q)ecial8  at  cost  that 
compares  favorably 
with  standard  types. 
Bullt-4n  quality  proved 
by  years  of  actual  use. 


PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  UBORATORIES 

9  ALBERMARLE  AYE.,  TRENTON  3,  N.  J. 


Donivl  E.  Nobl*  (left).  Motorola  Tlco-protl- 
dont.  and  I.  Jill  Scholling  of  Philips  Co. 
discuss  SEtnipmont 


The  Texas  Company  has  made  a 
$250,000  grant  to  the  Massachu¬ 
setts  Institute  of  Technology  for 
atomic  research  and  training  of 
nuclear  scientists. 


Westinghouse  Electric  Corp.  an¬ 
nounces  that  its  latest  type  f-m 
transmitter  will  feed  an  f-m  an¬ 
tenna  atop  the  world’s  tallest  struc¬ 
ture,  a  1,530-ft  tower  to  be  built 
near  Des  Moines,  Iowa,  by  station 
KNRT. 


Worid-wide  recognition  for 
this  outstanding  line  of 
electric  soldering-irons- 


r  FlttC  01  SCREW  TIPS 
MteTMWMt 
W  to  i%*  T!b  Bin. 

FoHow  Nm  toadDEt  cmd 
YOtt'NE|>«c»yHEXACONI 
nwy'll  «fnci«ftl(y  soivD 
your  EolEtorinc  probtoms 
tool  Writ*  for  ttlwotor*. 


Furst  Electronics,  Chicago,  Ill., 
manufacturers  of  specialized  elec¬ 
tronic  instruments,  have  more  than 
doubled  floor  space  by  moving  to 
larger  quarters  in  the  same  build¬ 
ing. 


~  specified  by  the  big  names 
for  the  TOUGH  jobs! 

★  MHiNEAFOLIS  HONEYWEU 

★  RADIO  COUP.  (MF  AMERICA  j 

★  STR0MBER6XARLS0N  J 

★  WESTERN  EUCTRIC  X 

★  WESTINGHOUSE  X 

★  EMERSON  I  X  i 

★  KAISER 

★  BENDiX 

★  SPERRY, 


Here’s  lira  loMMs 
HEXACON  HATCHET  TYPE 


Teletran  Corp.  was  recently 
formed  for  the  manufacture  of  tele¬ 
vision  components.  Offices  are  in 
New  York  City,  with  the  factory  at 
Ramsey,  N.  J. 


Theto  iront  feature  bat¬ 
ter  balance  for  reduced 
operator  fatigue.  Effi¬ 
ciency  U  steppMl  up,  and 
quality  of  work  to  im¬ 
proved.  The  ideal 
iron  for  inacceetible 
and  intricate  jobe.  , 


Vickers  Electric  Division,  Vick¬ 
ers  Inc.,  at  El  Segundo,  Calif., 
manufacturers  of  selenium  recti- 
flers  and  self-generating  photoelec¬ 
tric  cells,  has  succeeded  the  Sele- 
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THE  H.  R.  KIRKLAND  CO. 

Morristown,  N.  J. 


IN-RES-CO 

WIRE  WOUND 

RESISTORS 


mi  *iA--3  w*m 

MAX  IIS;  *2S,M0o(um 
MAX  US:  5,000  •bau  (Mms«ia) 
looy  SIZE:  ty,”  ii,  by  Vi"  oim. 
TOlEEAiKES:  Sii.  3^ 

*M«X.  I«.  0015  Nkb.  ie,0M  tbsu 

im  IIA-S  WATTS 
MAX  US:  *50,000  obnu 
MAX  US:  10,000  tlMK  (MMfMhl) 
loor  SIZE:  ty,"  L§.  by  Mm. 
TOlEtAIKES:  Sll  3% 

*ttsx.  Its.  0015  Nick.  15,000  tlHK 


/r££/>  POSTiO  0/V 
£l£CrPO/V  rUB£S 


Use  this  convenient  coupon 
for  obtaining  the  RCA  tube 
reference  data  you  need. 


RCA,  Commercial  Engineering, 

SeaionDW-40,  Harrison,  N.  J. 

Send  me  the  RCA  publications  checked  below.  I 

am  enclosing  $ . to  cover  cost  of  the  books 

for  which  there  is  a  charge. 


APPLICATION-DESIGNED  RESISTORS 


April,  794«— ELECTRONICS 


MliOY 

: 

■ 

«  A 

fHAliS 


NEWS  OF  THE  INDUSTRY  (conHiiMd) 

nium  Corp.  of  America,  which  was 
voluntarily  dissolved. 


Luminous  Industries,  Inc.,  New 
York,  N.  Y.,  was  established  for  the 
manufacture  and  distribution  of 
luminous  compounds  and  related 
products.  It  offers  the  industry 
complete  engineering  and  research 
facilities  in  the  fluorescent  fleld. 


The  Dilks  Co.,  Seymour,  Conn., 
has  been  organized  to  take  over 
production  of  air  column  loudspeak¬ 
ers. 

Kartron,  Inc.,  manufacturers  of 
microfilters  and  shorted-turn  and 
open-circuit  coil  checkers,  moved 
into  their  new  plant  in  Huntington 
Beach,  Calif. 

Tore  Deutschmann  Corf,  has 
opened  a  new  plant  at  Norwood, 
Mass.,  with  increased  facilities  for 
the  production  of  electrol3rtic  ca- 


4  BASIC  Improvement 
in  Sonnd  Reprodnrtion 

KUPSCH 

SPEAKER  SYSTEM 

by 

R 


raCOUENCYRANeE 

30  to  15,000  cycUs 


PERFORMANCE  tquivolcnt  to 
conventionally  designed 
speakers  t  to  16  times  at 
bulky  Selected  by  Major 
t.  H.  Armstrong  tor  hit  two 
most  important  domonstre- 
tions  at  FM  betere  {be  I.T.C. 
and  N.A.8.  conventions. 


INDISPENSABLt  FOR 

B,oodcas.  Section  Mon.ionng 
High  Fidelity  Rodlo-Phonogropht 

Elettronic  Musical  Insfromenis 
(Orgons  etc.) 

High  Quality  Sound  Reinforcement 
Systems 

Wired  Music  Installations 
^search,  Test  Work,  Demonstration,  of 
Wide  Ronge  Reproduction 


CONTACTS 


in  BRUSHES 

for  high  curront  density^  mini¬ 
mum  woorQlow  centoct  drop^ 
lew  electrkal  neiso  Q  lolf-lubri- 
cotion 

in  CONTACTS 

for  tow  robistonceQ  non- welding 
character 

CRAPHALIOY  works  where  others  won't! 
SiMcity  GRAPHALLOY  with  confidence. 

*A  special  silver- impregnated  graphite 


GRAPHITE  METALLIZING 
CORPORATION 

lObSNEPPERHAN  AVENUE,  YONKERS  3.  NEW  YORK 


New  Tobe  Deutechmcnin  plant 

Atlas  Sound  Ck)RP.,  Brooklyn, 
N.  Y.,  has  increased  facilities  for 
the  manufacture  of  sound  equip¬ 
ment  by  annexing  a  building  ad¬ 
joining  the  original  plant. 

Continental  F-M  Network  has 
added  to  its  31  stations  the  Dixie 
F-M  Network  of  10  stations  in 
North  and  South  Carolina. 

PERSONNEL 

W.  R.  G.  Baker  of  the  General  Elec¬ 
tric  Co.  was  elected  vice-chairman 
of  the  Electrical  Standards  Com¬ 
mittee  of  the  American  Standards 
Association. 

Lester  L.  Libby  is  chief  engineer 
of  newly  formed  Ohmega  Labora- 


Th*  KUPSCH  Spaakar  System  design  utilises  the 
comer  el  a  room  as  an  integral  part  of  the  acoustic 
system,  the  walls  and  floor  being  in  effect  an  ei* 
tension  of  the  lew  frequency  hern 

•  rUNDMMENTAL  TONES  down  lo 
30  cycles  per  second. 

a  CMtEMN  NESEONSE  throughout  the 
range  of  hearing 

8  EON  DM8TOETMON  and  intermodu¬ 
lation  at  all  frequencies. 

•  EEBFECr  DiSPEBSION  of  middle 
and  high  frequencies  throughout  the  entire  room. 

•  NMCN  EFFiCiENCTt  Because  ot  the 
horn  loading,  acoustic  output  for  o  given  input 
power  is  several  times  that  of  conventionol 
speokers. 

•  NON-EESONMNTi  BASS  TONES 
ABE  BEPBODUCED  —  not  generoted 

by  the  speaker.  Instruments  of  low  pitch  ore 
clearly  recognized;  one  hears  the  original  tone 
—  not  one  created  by  the  loudspeaker. 

AIK  FOR  FULL  PARTICULARS 

Dept.  B 


EIECIRONICS 
lABORAIORY 

1546  SfCONO  tnm  NIW  IORK  ?8  N  r  •  Rlgent  I  r./24j 


BROCINER 


New  Books  •  •  • 

Electric  Power 
Transmission 

By  M.  P.  Weinbach  • 

Very  thorough  explanations  of  the  the* 
ory  involved  and  the  mathematical 
methods  used  in  the  solution  of  trans¬ 
mission  problems,  with  special  atten¬ 
tion  to  factors  affecting  the  economy 
and  efficiency  of  service  such  as  main¬ 
tenance  of  consunt  voltage  at  system 
termini  and  the  causes  and  severity  of 
faults.  $5.50 

Wave  Guides 

By  L.  G.  H.  Huxley 

The  first  of  a  series  of  books  on  modem 
radio  techniques  developed  largely  dur¬ 
ing  the  war  and  heretofore  not  fully 
divulged.  Both  the  theory  and  practi¬ 
cal  construction  of  wave  guides  as  used 
in  high-frequency  equipment  are  fully 
explained  here,  including  both  the 
British  and  American  experience.  $4.75 

Fundamental 
Electronics  & 
Vacuum  Tubes 

By  A.  L.  Albert 

A  new  revised  edition  of  a  widely  used 
text  and  engineering  reference  on  the 
principles  of  electronic  tubes  and  tube 
circuits,  methods  of  analysis,  and  uses 
in  both  power  and  communication  en¬ 
gineering.  $6.00 

•  •  •  and  useful  references 

An  Introduction  to  Electronics 

By  Hudfon.  This  masterly  exposition  of  the 
modern  theories  underlying  electronics,  the 
construction  of  key  devices,  and  their  infinite 
number  of  uses  is  one  of  the  best  "introduc¬ 
tions"  ever  presented  on  this  subject.  $3.30 

Ultra  -  High  -  Frequency 
Radio  Engineering 

By  Emery.  A  praaical  guide.  The  funda¬ 
mentals  are  explained  in  clear,  simple  terms 
and  worked-out  examples  show  the  use  of 
principles  in  specific  design  problems  and  the 
prediction  of  circuit  performance.  $3.75 

SEE  THEM  ON  APPROVAL 

We  shall  be  glad  to  send  you  a  copy  of  any 
of  these  books  on  10  days'  approval.  Write 
to  Dept.  T. 

The  Macmillan  Company 

60  Fifth  Avenue  New  York  II 


**  WSIS 

Precision  BOBBINS 


roe  COIL  WINDING 


Kraft,  fish,  red  rope,  red 
patch,  and  cellulose  acetate, 
or  combinations.  Three  types 
of  flanges  to  meet  all  require- 

I 

ments. 


Write  for  samples  and  aid  with  engineering  problems. 


PRECISION  PAPER  TUBE  CO. 

2041  WEST  CHARLE'STON  STREET  •  CHICAGO  4  7,  ILLINOIS 
PLANT  NO  TWO  —  7  9  CHAPEL  STREET  •  HARTFORD,  CONN 


Mail  coupon  for  FREE  copy  of  this  great,  new 
Concord  Catalog — a  vast,  complete  selection  of 
everything  in  Radio,  Television,  and  Test  Equip¬ 
ment.  Thousands  of  items  . . .  latest  1948  prices. 
LOWER  prlcee  on  flneiit-quallty  RADIO  SETS,  PHO¬ 
NO-RADIOS,  RECORD  CHANGERS,  RECORD 
PLAYERS.  RECORDERS— wire  and  disc.  PORT¬ 
ABLES.  AMPLIFIERS.  COMPLETE  SOUND  SYS¬ 
TEMS.  TESTERS.  Latest  ItotInKa  of  all  well-known, 
standard,  dependable  lines  of  radio  parts  and  equipment. 
4.212.014  SATISFIED  CUSTOMERS  CANNOT  BE 
WRONG!  Concord's  quarter-century  reputation  for 
Customer  Satisfaction  Is  the  reason  Radio  Men  (the 
Experts  who  Know)  keep  coming  back  to  CONCORD. 
At  CONCORD,  YOU  MUST  BE  COMPLETELY 
SATISFIED  or  your  money  will  be  refunded. 


23  pg$.  Radio  and  Television 
Sets  •  62  pgs.  Radio  Parts 
18  pgs.  Sound  Amplifiers  and 
Accessories  •  23  pgs.  Ham  Gear 
9  pgs.  Electronic  Test  Equipment 


C  O  U  P.O  N  TODAY 


CONCORD  RADIO  CORPORATION,  D«pl.  164 
901  W.  Jockson  tlvd..  Chicogo,  7,  HI. 

Ysr,  ruih  FREE  COPY  of  Ihs  comprshsntivs  now  Con¬ 
cord  Radio  Catalog.  (Pleats  Print) 
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KENYON 

TSANSFOKMERS 

EnglnMn  specify  KMiyon 
Translormers  ior  dependabU 
p«rionnance.  Famous  ior  con- 
ssnrotive  ratings  and  riiggsd  ] 
construction,  Kenyon  tronslorm* 
sn  ore  preferred  for  long, 
trouble-free  service  in  quality 
equipment 

TERMINAL  carries  a  complete 
stock  of  Kenyon  transformers 
and  chokes  for  powwr  and 
audio  requirements. 

Catalog  on  nquoMi, 


Distributors  of  Electronic  Equipment 

85  CORTLANDT  ST. 

NEW  YORK' 7,  N.  Y. 

PhMM:  WOrtli  2-4415 


USE  G-E  MYCALEX  INSULATION 


T^/us^es&S^ 

Insulation  Advantages.. 

1 

■M 


•  HIGH  HEAT 
RESISTANCE 


I 

ilKIffi 


•  HIGH 

DIELECTRIC 

STRENGTH 


•  HIGH 

MECHANICAL 

STRENGTH 


•  FIRM 
BOND  TO 
METAL  INSERTS 

•  LOW  LOSS 
FAaOR 


#  Yes,  for  high  arc  resistance  in  switchgear  and 
control  devices  you  just  can’t  Ijeat  G-E  mycalex. 
We’ll  mold  it  to  your  designs,  or  we  will  machine 
it  to  your  exact  requirements  from  standard 
sheets  and  rods.  For  more  details  of  this  stone- 
hard  compound  of  mica  and  special  glass,  write 
Section  AE-4,  Chemical  Department,  General 
Electric  Co,,  1  Plastics  Avenue,  Pittsfield,  Mass. 


GENERAL  m  ELECTRIC 


High  Quality 

MAGNETIC 
IRON  CORES 


lAB  FIRSI-/ 


NOW  ON  ALL 


FROM 

I  i  1000  CPS  %  ^ 

//  \V 

MEGACYCLES 


Pioneer 
and  largest 
Manufacturers  of 

«  DUMBELL 
”  IRON  CORES 


Let  our  engineers  help  de¬ 
sign  high  quality  coils  to  meet 
the  days  exacting  requirements. 


Address  all  inquiries  fo 

MAGNETIC  CORE  CORP. 

M2  South  Highland  Ave.,  Ossining,  N.Y. 
Telephone,  Ossining  222 


SILVER  ALLOY 


iiwmm 

LIMRI 

1 IBH 

1  IHl 

IIH 

l|l| 

INSULATION 


Silver  Alloy  Contacts 


N«w  Silver  Alloy  contacts  moko  postibU  improvod 
Attenuators  and  Switches  in  smaller  siies. 


^  Greater  Creopa9e  Distonce— — thus  better 
insulation. 


2  No  silver  mi9rotion. 


3  Greater  silver  surfoce  to  corry  current. 


4  Lower  contoct  resistonce. 


5  Better  mechonical  operotion  of  switch. 


^  Less  copocity  between  contocts-* 
better  frequency  ^ ''' 


chorocteristics. 


with  new  centocts 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7.  N.J. 
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For  Radioactivity 

Measurements ! 


wDirsci  DmInmI 

S feels  Rseistratiee 
dr  SceHiie  Factere  ef 

10,  100  end  1000 
dr  lew  RMehrtien  Time 
—  5  MicroMcende 
"k  Self  Cewteined  Me- 
dienical  Register 
dr  Regelated  High  Velt» 
age  fewer  Sepply 
drfrevisiea  fer  deck 
Timer 

dr  High  Sensitivity 

—  0.2S  Veit 
dr  Stable,  Ne 

Adjustments 
k  High  Ovality 

Constrwctien 


THE  NEW  POTTER 

DEUDE  SCALER 

Model  2092-F495  00 


FOR  COMPLETE  LITERATURE  OR  CONSULTATION  ON 
HIGH  SPEED  COUNTING,  TIMING  AND  CONTROL 
PROBLEMS  CALL  OR  WRITE  DEPARTMENT  6H, TODAY. 


POTTER  INSTRUMENT  COMPANY 

INCORFORATEO 
ISO'S*  ROOSEVELT  AVENUE  e  FLUSHING,  NEW  YORK 


tories,  Inc.,  the  developmental  sub¬ 
sidiary  of  Kay  Electric  Ck).  He  wai) 
formerly  senior  project  ensrineer 
with  Federal  Telecommunication 
Laboratories. 


John  J.  Gresko,  newly  appointed 
production  manager  of  the  Electron 
Tube  Division  of  Sonotone  Corp,, 
Elmsford,  N.  Y.,  was  formerly  man¬ 
ager  of  ttie  Sylvania  receiving  tube 
plant  at  Emporium,  Pa. 


Charles  M.  Hogan  has  been  ap¬ 
pointed  resident  patent  counsel  in 
charge  of  radio  and  electronic 
patents  of  the  Crosley  Division, 
Avco  Manufacturing  Corporation. 


R  well  known  EAME  in  radio  for  over  a  quarter  of  a  century  I  caiarloe  M.  Hogan  P.  B.  Patton 


COMCO  •  FISHER  •  K^R  •  GENERAL  ELECTRIC 


DOOLITTLE  -  GENEpyi 
FEDERAL- HAR-cA^ 
FISHER  •  WILCOX^ 


GENERAL  ELECTRd 
HAR-CAM  •  MARCi' 
HARVEY  WELLS 
KAAR  -  RAY  JEF^ 
MARCONI  -  RCA 
MOTOROLA  •  «ri 
RAY  JEFFEl 
RCAl 


JJOBIIE  RADIO 

^TRANSMITTERS 


known  mobile  ra<bo°m?*%®^ 
appear,  another 

present . . .  CARTER  “''"‘ably  j,  j 
name  in  Rotary  Power  Si‘  ^^f.®^**®**  ' 
mobUe  radio.  Supplies  for 

5e/»</  /or  free  bulletin. 


S£f?4M 

\ 
fO> 

AL 
itR 

tc 


Philips  B.  Patton  was  named 
West  Coast  engineering  and  sales 
representative  of  the  Mobile  Com¬ 
munications  Division  of  Farns¬ 
worth  Television  &  Radio  Corp.  He 
was  previously  acting  chief  engi¬ 
neer  of  the  Common  Carrier  Engi¬ 
neering  section  of  the  FCC. 


LLS 

iAR 

U\ 


Allan  W.  Parkes,  Jr.  has  been 
placed  in  charge  of  the  field  engi¬ 
neering  and  sales  department  at 
Aircraft  Radio  Corp.,  Boonton, 
N.  J.  Before  joining  the  corpora¬ 
tion  in  1927  he  taught  physics  at 
Lafayette  College  and  Harvard 
University. 


— LO 
COMBO  •  RC«^^<AY  JEFF 
CAM  •  RAY  JEFFERSON  •  MARCt 

f MOTOROLA 


2646  N.  MAPLEWOOD 


Edward  G.  F.  Arnott,  electronic 
tube  specialist  on  the  research  staff 
since  1940,  is  the  new  assistant  di¬ 
rector  of  research  at  the  Westing- 
house  Lamp  Division  in  Bloomfield, 
N.  J. 


CABLE  GENEMOTOR 


Thomas  H.  Neely,  a  member  of 
the  Bell  Laboratories  technical 
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for  Proof  Beyottd  Compare 


Try 

RUBYFLUID 

Soldering  Flux 
Send  for  Ruby's  $1  Offer 


For  $1  Ruby  will  lond  you  1  pint  ol 
liquid,  on*  boll  pound  oi  post* 
■oldoring  Ilux  and  a  n*w  booklet 
on  "How  to  Solder." 

Take  odTontoq*  of  this  offer  now  I 
Send  your  $1  today  to — 

RUBY  CHEMICAL  CO. 

59  McDowell  st. 
COLUMBUS,  OHIO 


AGASTAT  TIME  DELAY  RELAY 

prevents  undesirable  line  voltage  drop  when  starting  motors  simul¬ 
taneously.  The  type  1  will  hold  that  dine  voltage. 

AGASTAT  is  reliable  and  efficient  as  a  time  delay  instrument  with 
air  compressors  for  air  conditioning,  compressed  air,  refrigeration, 
etc.  It  operates  in  either  horizontal  or  vertical  position.  Mounting 
plates,  brackets,  and  covers  are  available  at  slight  additional  cost. 
May  we  mail  you  descriptive  literature  showing  contact  arrangement? 
ADDRESS  AGASTAT  DIVISION 


AMERICAN  GAS  ACCUMULATOR  COMPANY 

1027  NEWARK  AVENUE,  ELIZABETH  3,  N.  J. 


PARADE  Sualltif 


CERAMIC 

Rropertiet  end  Characteristics  of  Our 
LAVITE  si -5  Steatite  Ceramic  Body 

CotnprM.iv.  Strength  . 00.000  lb*.  p*r  .guar*  Inch 

Tm.il.  Str*«oM  .  7,200  lb*.  P*r  muar.  inch 

riuBural  strangth  . lO.SOO  lb*,  par  .guar*  inch 

Modulu.  a«  Ouptur* . 20,000  lb*,  par  .guar*  inch 

Oi.lMtric  Strength  . ...230  valt.  par  mil 

Oi.lKtric  Canctant  . 6.42  I  Pmaumn. 

Uu  PKtor . 2.90  1-  rragMncy^ 

Oawar  Pactar  . aae  f  *  magacyel. 

Sulk  SpmiSc  Oravity  .  2.004*' 

^»ity  (t^  abav*  gravity) ...  0.090  lb*,  par  cubic  inch 

N.ran.**  (Mohr  Kal.) . r. .  7.0 

Sattming  T.mparatur* . 2.3S0°P. 

Linnr  CaaMciant  *•  Bxpan.ian . 0.13x10—0 

Moi.tur.  Abaarptiaa  (ASTM  O-llS-42-*) . O.OOObb 

Design  engineers  and  manufaaurers  in  the  radio, 
elearical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
itrength,  low  moisture  absorption  and  resistance 
to  rot.  fumes,  acids,  and  hiu  heat.  The  exceed- 
tngly  low  loss-faaor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequency 
ap^ication. 

We  will  gladly  supply  samples  for  testing. 


Specialists 


COMPANY. 


electronics  — Apfi7,  T94I 


2^ 


HARVEY 


RADIO  COMPANY  INC 
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staff,  was  placed  in  charge  of  the 
Electronic  Warfare  Battalion  at 
the  Naval  Shipyard,  Brooklyn,  N. 
Y.  The  newly  organized  unit  will 
train  qualified  personnel  in  all 
phases  of  electronics. 


K.  C.  Black  has  joined  the  staff  of 
Air  Associates,  Inc.,  Teterboro, 
N.  J.,  as  chief  radio  engineer.  Dur¬ 
ing  the  war  he  worked  in  Division 
15  and  later  in  Division  13  of 
NDRC,  and  for  11  years  before  that 
worked  on  development  of  repeater 
equipment  for  coaxial  lines  at  Bell 
Telephcme  Lal^ratories. 


for  engineers,  experi¬ 
menters,  servicemen  end 
set  buiiders.  These  genu¬ 
ine  RCA  components  pius 
everything  eise  you  need. 


201R1,  Width  Control  . %  .79 

201 R2,  Proioction  size  control . .  1 .32 
201 R3,  Horizontal  linoority 

control  . S4 

204X1,  I.  F.  and  vidto  coil  kit..19.S0 

204L1,  Filamont  choko  . It 

20STS,  Horizontal 

tyncb-diicriminator  . . .  2.t5 
201 D1,  DoflocHon  yokn, 

dimct  viow .  S.2S 

20102,  DaHoction  yoko, 

profoction  .  S.94 

201X1,  Yoko  mounting  hood _  1.6S 

202D1,  Focus  coil  . 5.44 

203D1,  Ion  trap  magnot . . .  3.90 

204T1,  Horiz,  output  transformor 

13.S0 

204T3,  Horiz,  output  transfonnor  S.TS 
211T1,  Horiz,  outputtrantfonnor10.il 
211T2,  Horiz.  output  transformer  13.45 
204T2,  Vorticol  output  trans.  . . .  S.40 
2MT1,  Horiz.  bl-otc.  transformor  3.60 
20tT2,  Vortical  bl-otc.  trans....  3.42 
204T3,  Horiz.  bl-osc.  trans.  . . .  2.73 
RCA  13-channol  RF  assembly 
(complete  front  end  for  tele 

receiver)  . 55.65 


W.  I.  Morlock 


William  J.  Morlock,  who  for  sev¬ 
eral  years  was  responsible  for 
theater  sound  equipment  design  at 
RCA,  has  been  appointed  division 
engineer  of  the  specialty  division 
of  General  Electric  at  Electronics 
Park. 


H.  B.  Fancher,  actively  engaged  in 
design  and  development  of  tele¬ 
vision  transmitters  and  microwave 
relays,  is'  a  newly  appointed  as¬ 
sistant  section  engineer  of  G-E's 
transmitter  divisi(>n,  Electronics 
Park,  Syracuse,  N.  Y. 


IN  STOCK  AT  ALL  TIMES  all 
makes  and  types  of  TV  tubes. 
Also  complete  TV  set  construction 
kits. 

Goodell  Amplifier-Noise  Sup^ 
pressor.  See  our  od  next  month 
for  picture  and  complete  descrip¬ 
tion.  For  rock  or  cabinet  mount- 

iiifl . $248 


Ragnar  Holm  was  recently  ap¬ 
pointed  consultant  on  the  engineer¬ 
ing  staff  of  Stackpole  Carbon  Go., 
St.  Marys,  Pa.  He  is  author  of 
“Electric  Contacts”,  written  in 
Sweden ;  the  English  edition  is  now 
available  in  the  U.  S.  through  book¬ 
sellers,  particularly  through  Stech- 
ert  and  Hofner,  81  E.  10th  St.,  New 
York. 


Kenneth  E.  Weitzel  was  recently 
appointed  an  application  engineer 
of  the  Tube  Division  of  G-E’s  Elec¬ 
tronics  Department  with  head- 


A  WORKSHOP 

HIGH-GAIN 

ANTENNA 

will  •  .  • 

More  than  triple  the 
effective  power  of  the 
transmitter. 

Increase  the  effective 
power  of  the  mobile 
transmitter. 

Increase  the  operating 
area. 

Permit  the  use  of  .low 
power,  low  cost  equip¬ 
ment. 

Workshop  High-Gain 
Beacon  Antennas  are  de¬ 
signed  sf)ecifically  for  the 
152-162  megacycle  band 
— taxicab,  fire,  police, 
and  private  fleet  com¬ 
munications. 

Design  Features 

e  Low  angle  of  radiation 
concentrates  energy  on 
the  horizon. 

e  Symmetrical  design 
makes  azimuth  pattern 
circular. 

•  Can  be  fed  with  various 
types  of  transmission 
lines.  Special  fittings 
arc  available  for  special 
applications. 

O  Enclosed  in  non-metallic 
housing  for  maximum 
weather  protection. 

Available  for  immediate 
delivery  through  author¬ 
ized  distributors  or  your 
equipment  manufacturer. 

— THE - 

WORKSHOP 
ASSOCIATES 

INCORPORATED 

Specialists  in  High-Frequency  Antennas 

64  NEEDHAM  STREET 
Newton  Highlands  61,  Mass. 
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quarters  in  Chicago.  During  the 
war  he  worked  on  applications  of 
the  G-E  high-frequency  lighthouse 
tube  for  wartime  equipment. 


. .  an  advancement  in  the  art 
of  high  quality  reproduction 


Rodney  D.  Chipp,  formerly  radio 
facilities  engineer  for  the  American 
Broadcasting  Company,  has  been 
named  assistant  engineer  for  the 
DuMont  television  network. 


Exhaustive  study  proves  the  imposMhility  of  comhining  ideal 
lateral  and  vertical  medianical  requirements  into  one  arm.  The 
Gray  Transcription  Arm,  designed  for  finest  lateral  reproduction 
accommodates  all  mo^m  cartridges— General  Elearic,  Pickering, 
etc. — has  been  adopted  as  standard  equipment  by  national  radio 
networks  including  CBS,  ABC  and  numerous  independent  radio 
stations.  Arm  less  cartridge  $33.00. 

Gray  Equalizer  ■'  ^ 

^  For  G.E.  Cartridge 


Featherweight  mag* 
nesium,  frictionless 
motion,  adjustable 
stylus  preslure,  self* 
leveling  base. 


At  lost  a  permanent  solution  to 
the  quality  pick-up  problem.  We 
can  now  supply  a  Selected  G.E. 
Cartridge  with  finest  quality  Dia¬ 
mond  Stylus  for  mounting  in  the 
Gray  Transcription  Arm.  The  prac¬ 
tically  unlimited  life  of  the  Dia¬ 
mond  Stylus  makes  it  an  excep¬ 
tionally  economical  investment  at 
$29.63  net  to  radio  stations. 


D.  W.  Pugsley 


No.  601,  4- position  Equalizer  (Flat, 

N.A.B.,  etc.,  etc.)  expertly  engineered  for 
use  with  the  G.E.  Variable  Reluctance 
Cartridge.  Matches  pidc-up  to 
microphone  channel.  Adopted 
by  radio  networks.  Complete  ylwfc 


Donald  W.  Pugsley,  formerly  tele¬ 
vision  receiver  section  leader,  was 
named  designing  engineer  with  re¬ 
sponsibility  for  technical  design  of 
television  receivers  at  General  Elec¬ 
tric  Co. 


WESTCHESTER  COUNTY 


Edward  H.  Reeves  has  been  named 
technical  supervisor  of  f-m  opera¬ 
tions  for  WAAT-FM  in  Newark, 
N.  J. 


Joseph  Slepian,  associate  director 
of  the  Westinghouse  Research  Lab¬ 
oratories,  was  awarded  the  AIEE's 
Edison  Medal  for  1947. 


Theodore  W.  Buchter  is  now  ter¬ 
ritorial  service  manager  for  United 
States  Television  Mfg.  Co.,  working 
out  of  the  company’s  main  office  in 
New  York  City. 


Check  BAER  FIBRE  for  ec- 
curate  dimensioning, uniform 
surface,  mechanical  and  elec¬ 
trical  qualities,  and  low  cost 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 
washer  or  other  shape  can 
D  simultaneously  solve  your 
W  electrical  or  mechanical  prob- 
lem...improve  your  product 
and  save  you  money!  BAER 
FIBRE  isprecision  fabricated 
to  your  specifications. 

UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


L.  Robert  Fisher  was  named  terri¬ 
torial  service  manager  for  the  New 
Jersey  and  eastern  Pennsylvania 
areas  by  United  States  Television 
Mfg.  Corp.  He  was  formerly  field 
engineer  for  the  Allen  B.  DuMont 
Laboratories. 


Henry  L.  Dabrowsky,  former  G-E 
development  engineer,  has  been 
named  technical  supervisor  of  tele¬ 
vision  for  WATV,  soon  to  occupy 
television  channel  13  in  Newark, 
N.  J. 


Albert  R.  Hodges,  formerly  patent 
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! 


Toroidal  and  Sinusoidal 


For  tue  in  computing  and  analyi* 
ing  dcYicea;  generation  of  low  fre¬ 
quency  MW  tooth  and  tine  wayea; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  serro- 
mecluHiisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
S60*  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
±.6%.  Overall  dimensions  are 
4H*  diameter  z  4  11/32  long  plus 
shaft  extension  14"  diameter  z 
1%"  long. 


This  high  vacuum  pump  is  widely  kaown 
sad  used  exteasively  ia  the  aMaufoctura  of 
electric  lamps,  radio  tutws,  fluoresceat  lamps, 
for  loberatory  work  aad  for  away  iadustrial 
epplicatioas  wkere  kigk  vacuum,  plus  rapid 
exaaustiag  are  esseatiol  raguireawats  ia 
processes  of  aMaufocturing. 
la  free  air  capocii'ts  raaging  from  1  cubic 
brat  to  SO  cubic  frat  per  miaute. 

Readiags  oa  all  sizes  guaranteed  0.50  microns 
or  better. 

Practically  aoise/ess.  Prompt  Mhrariat. 

Write  for  details. 


Write  for  Bulletin  F-68 


Ueanfasturws  ef  Baaek- 1  ntwwatleaal  Het  Cut  Flare 
■esblne. 

2027  —  4«th  STREET 
NORTH  BERGEN,  N.  J.,  U.S.A. 

Tel.  UNion  3-7412 

CeMe  Addrom  “INTERMACH**  North  Bargee.  N.  J. 


Newton  Upper  Falls  64,  Massachusetts 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

- - -  36  HEAD 

auirf,  I  [7].  f  I  RADIO  TUBE 

JhHR  exhausting 

KUm  machine 


We  Make 
Complete 
Equipment 
For  Tke 
Manufacture 
Of  Incandes¬ 
cent  Lamps 
Radio  and  Elec¬ 
tronic  Tubes. 


Photo  shows  actual 
sises  oi  our  new 
miniature  and  sub- 
miniature  tubes 


Write  our  Engi¬ 
neering  Diviskm  on 
tubes  best  suited 
to  your  needs 


TRANSFORMERS 


COXTINEXTAL  PHOTO  TUBES 
ARE  LEADING  THE  FIELD 


DESIGN  ENGINEERS  are  showing  ever  increasing  inter¬ 
est  in  Continental  Lead  Sulfide  Cells  because  of  their  com¬ 
pactness,  higli  sensitivity  and  good  frequency  response.  Ideal 
for  Sound  Reproduction,  Burglar  Alarms,  Door  Openers, 
Tabulating  Machines,  Phonograph  Pickups,  Controls  and 
Counters  and  many  other  types  of  devices  and  equipment. 
These  Continental  photo-conductive  tubes  are  your  assurance 
of  steadier,  more  dependable  performance. 


Air,  Oil, 
or  Water 
Cooled 


■  SIZES  14  to  2S0  KVA 

SPOT  WELDERS^ 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  14  to  250  KVA 
Butt  Welders  •  Gun  Welders 
Arc  Welders 
Neon  Sign  Units 
Fluorescent  Tube 
Manufacturing  Equipment 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

711  Se.  I3th  St.  (Nser  Avee  Avo.),  Nswsrfc  S.  N.  J. 
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And  that's  important  because 
the  primary  purpose  of  any 
louQspeaker  is  tu  convey  intel- 
ligence  and  not  just  make  a 
loud  noise.  UNIVERSITY 
loudspeakers  — -  with  the  hifth- 
esf  coin  ersion  efhciencv  of  any 
speaker  of  comparable  size 
not  only  give  maximum  souikI 
output  with  minimum  power 
input,  but  reproduce  every  de. 
tail  and  inflection  of  the  voice 
at  all  levels  from  a  whisper  to 
a  shout. 

A  JOB-RATED  SPEAKER 
FOR  EVERY  APPLICATION! 


80  SO.  KENSICO  AVE.,  WHITE  PLAINS.  N.  Y. 


NEWS  OF  THE  INDUSTRY  (contiiiMtd) 

attorney  at  Sperry  Gyroscope  Co., 
Inc.,  now  handles  patent  prosecu¬ 
tion  and  related  matters  in  the 
radio  and  electronics  field  for 
Stromberg-Carlson  Co.,  Rochester. 

C.  R.  Miner  has  advanced  from  sec¬ 
tion  leader  to  designing  engineer, 
with  responsibility  for  the  technical 
design  of  Musaphonic,  standard 
line,  portable,  contact,  and  export 
receivers  at  G-E*s  Syracuse  plant. 


MEASUREMENTS 

CORPORATION 


FM  SIGNAL  GENERATOR 

MODB.  78-fM 

RANOf :  86  to  108  mogacydot 
OUTPUTS  1  to  100,000  microvolts 
Individually  Colibrotod  Dial 


HRRUf  ACTU«W  OF 

SttidirtSlfMl 


waiMi®***^**^ 

SHtt*  Wtvt 

C«p«elt»irtAt» 


MEASUREMENTS 

CORPORATION 

SOONTON  NIW  JfllSET 


PROMPT  DELIVERY! 


Stainless  steel 
MACHINE  SCREWS 

and  Rivets 


molded 


Screws,  nuts,  woshsm.  pins  — 

AUmstol  corriss  ths  lorgsst  stock 
in  ths  country  of  stainless  stool  iaston- 
ors  and  scrow  machino  parts.  Our 
comploto  facUitios  for  heading,  tap* 
ping,  drilling,  rooming,  slotting,  turn* 
ing.  stomping,  broaching  and  center¬ 
less  grinding  make  possible  prompt 
deliTory  of  specials,  too.  Write  for  our 
free  83-page  cotalog  today. 


W*  also  ccory 

Cee  Screws  Nets  Teeer  Mes 

lelH  Socket  Screws  Cotter  Mes 

Weskers  WeeS  Screws  flee  nttiegs 


ftond  lor  FREE  CATALOG 


Allmetal  Screw  Products  Cb.,  Inc. 
33  Greene  Street,  New, York  13,  N.  Y. 


SStMOi  RESISTOR 


Of  particular  interest  to  all  who  need 
resistors  with  inherent  low  noise  level 
and  good  stability  in  all  climates 


TKi 

yj^-WeuMcl 


TYPE  65X 


Actual  Sise 


STANDARD  RANGE 

1000  OHMS  TO  15  MEGOHMS 

Used  cxtcMivcIy  in  commercial  sqni^ 
meet  including  radio,  tsiepfconc,  tcfcH 
grapk,  tonnd  pictures,  television,  etc. 
Also  in  a  vorielv  of  U.  S.  New  oguip- 


HIGH  VALUE  RANGE 

15  to  1,000,000  MEGOHMS 

Tkn  unusual  range  of  high  value  resistOM 
was  developed  to  meet  the  eeeds  of  scien¬ 
tific  and  industrial  control,  meosuring  md 
laboratory  equipment — end  of  high  voltote 
applications. 


SEND  FOR 
BULLETIN  4505 

It  gives  doteils  of  botk 
Hm  Standard  and  Higk 
valet  resistors  includieg 
construction,  cboractnris- 
tics  dimensions,  otc  Copy, 
witk  Price  List  erailed  en 


S.S.WHin 


TNI  S.  S.  WHITi  DINTAl  MFO.  CO. 


INDUSTRIAL 


OlVISIOM 


■■■  PERT.  Re  10  MAST  OOtli  ST.,  NSW  YORK  10,  N. 

niBIMI  MAm  e  FUIMU  SHAFT  tOOU  •  AMCtAFT  A€C«SSO«*CS 
SMMI  CVfTNIA  AHA  TOOU  •  SmiAS  FOOMOiA  IMMEtS 

moimo  MosFoas  •  fsasoc  ificmhii  •  coomAO  fiauio  moioima 

Omejol  ^meniccu  A  AAA  OtuUtattiai 


NEW  ALLIED 
CATALOG 


Complete,  Expert  Service 
for  Radio  Engineers 


You'll  find  everythin,  you  need  in  radio  and 
electronic  equipment  for  laboratory  work,  in 
the  new  172.pa,e  ALLIED  Catalog!  World's 
largest  stocks— thousands  of  parts,  tubes,  tools, 
books,  test  instruments,  sound  apparatus — 
ready  for  instant  expert  shipment  at  lowest 
market  prices.  Write  today  for  your  FREE  copy 
of  ALLIED'S  newest  Buying  Guide! 


I  ALLIED  RADIO  CORf.,  Dept.  24-0-1 
I  133  W.  Jackson  Mvd.,  Chicago  7,  III. 

I  □  Send  FREE  New  ALLIED  Catalog. 

I 

I  Nnme . 


ALLIED  RADIO 


v  ^  M  c  • 

n  to  '  lAooE 

OVA  ^  ®  °  tSrd.  ° 


.  car* 


REEVE5-HOFFMAN 

CORPORATION 

CHERRY  and  NORTH  STREETS  •  CARLISLE,  PA. 


VACUUM-ELECTRONIC  ENGINEERING  CO 

316  37th  STREET  •  BROOKLYN  32,  N.  Y 


ItADIO-^irSK  (  Oltl>OltATIO\ 

■MtllT  t'llKSTKII  ‘  .  .MOW  Y«>KK 


NEW  BOOKS 


Computing  Mechanisms 
and  Linkages 

Volume  27  of  the  MIT  Radiation  Lab¬ 
oratory  Series,  by  Antonin  Svo- 
BODA.  McGraw-Hill  Book  Co.,  New 
York,  1947,  359  pages,  $4.50. 

The  subject  of  this  volume  is 
probably  the  only  one  of  the  series 
that  does  not  depend  in  some  way 
upon  the  electron  tube.  At  the  same 
time,  the  principles  outlined  in  the 
book  may  well  be  tied  in  economi¬ 
cally  to  the  control  of,  or  be  actu¬ 
ated  by,  tube  devices.  The  author 
points  out  that  the  elementary  inte¬ 
grators,  component  solvers,  speed¬ 
ometers,  and  planimeters  that  can 
be  built  using  the  principles  out¬ 
lined  can  be  expanded  into  mecha¬ 
nisms  to  perform  more  elaborate 
calculations.  In  the  latter  class 
would  appear  gunsights,  bomb- 
sights,  and  automatic  aircraft 
pilots.  For  the  mechanical  engineer 
engaged  in  the  computing  aspects 
of  modern  automatic  electronic 
equipment  the  book  should  be  most 
useful. — A.  A.  MCK. 


MASS  SPECTROMETER 

LEAK  DETECTOR 

Makes  BIG  profits  by  finding  small  leaks 

The  Veeco  finds  small  holes,  locates  them  accurately. 
Highly  sensitive  vacuum  and  pressure  testing  finds 
small  leaks  in  industrial  equipment  and  finished 
products.  Quick,  dependable.  Now  successfully  used 
for  testing:  electronic  tubes,  glass-to-metal  seals, 
hermetically  sealed  systems,  condensers,  and  scores 
of  other  products.  Simple  operation.  Literature  LD-35 
upon  request. 

*Manufacfur»d  under  license  of  the  University  of  Minnesota 


DETECTING  A 
SMALL  LEAK 
STOPPED  A  FLOOD 
IN  HOLLAND 


Veero  LEAK 
DETECTOR 


HEPRODVCBR 

Light  Weight  He«d 


Automatic  Regulation 

By  William  R.  Ahrendt  and  John 
P.  Taplin.  Published  by  Ahrendt 
and  Taplin,  P.  O.  Box  4673,  Wash¬ 
ington  20,  D.  C.,  1947,  Vol.  I,  207 
pages,  $3.50. 

The  material  of  this  book,  cover¬ 
ing  the  fundamentals  of  servomech¬ 
anisms  and  other  types  of  regula¬ 
tors,  is  presented  as  an  introduction 
to  the  second  volume — in  prepara¬ 
tion — which  will  cover  practicalities 
of  specific  systems.  This  present 
material  has  been  used  as  a  one- 
year  course  at  the  University  of 
Maryland.  A  unified  nomenclature 
has  been  adhered  to  throughout  the 
presentation. 

After  introducing  the  reader  to 
such  fundamentals  as  time  and  fre¬ 
quency  responses  and  representa¬ 
tion  in  the  complex  frequency  do¬ 
main,  the  authors  develop  the  re¬ 
sponses  of  controllers  of  increasing 
complexity.  The  brief  treatment  of 
Laplace  transforms,  on  which  sub¬ 
sequent  solutions  are  based,  is 
very  readily  grasped.  Over  500  re- 


Since  we  started  making  Light  Weight  Heads,  work 
in  our  repair  department  has  practically  stopped. 
Because  these  Heads  are  so  tough  and  durable  .  .  . 
Because  the  diamond  is  actually  soldered  in  its  stylus 
setting  .  .  .  and  because  of  the  low  mechanical  im¬ 
pedance  designed  into  the  improved  PARA-FLUX, 
otiowing  operation  on  commercial  service  at  a  pres¬ 
sure  of  20  grams,  our  new  Heads  keep  performing 
efficiently  continually  with  repair  and  main- 
'  tenance  practically  nil.  And  they  afford  even 

1/^0/ more  realistic  reproduction  of  tone  quality. 
I  Ask  for  Bulletin  PR. 


We  do  not  even  repair  any  old,  broken 
unit.  Return  it  to  us  and  you  get  an 
absolutely  new  Light  Weight  Head  as  a 
replacement  at  exchange  price  of  only 
$35.00.  ^ 


JUNE 


PARA  - FL UX 
R EPR OD UCER 
wHli  iMterckoNgeable  Heads: 

UNIVERSAL  . . . 

LATERAL  ONLY... 

VERTICAL  ONLY... 
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FT 

<  Vi! 

u 

(ostisaFmtor 

CONSIDER 


'CuilroKtd  PufonmuKe” 

COILS 

lUHsnuns 

CamUtant  hlgk  qaollty  l«  XromHrmft 
oi«4  ''moda-lo-iPMlflcMlon"  Winding* 
for  ovnr  o  qwortnr  of  •  contary. 

SPECIFICATION  DATA  INVITED 
FROM  LARGE  VOLUME  USERS 


BEST  MANUFACTURING  CO.  INC. 

1203  GROVE  ST. 
IRVINGTON  11.  NEW  JERSEY 


Porgfsn  Ofvigion 

25  WARRIN  ST  •  NEW  YORK,  U.  S.  A. 
C«W«  Addrott  SIMONTRICE,  NEW  YORK 


mmmm 


yat 

Outstanding 

Core 

Performance 


MOLDED 

TRANCORS 


FREQUENCY  (KC) 

Lenkurt  Trancors  are  now  being 
made  to  the  remarkable  Q  char¬ 
acteristics  above.  Infinite  care 
is  required  to  make  such  parts. 
Available  in  a  broad  variety  of 
*  low-cost  standard  cores  and 
assemblies,  or  special  items. 

Write  for  catalog 

LENKURT  ELECTRIC  CO 

SAN  CARLOS,  CALIFORNIA 


LENKURT  KNOWS  HOW 


Front  row  center! 

with  the  new 

UNIVERSITY 

TWEETER 


FOR  FULL  RANGE 


15,000  CYCLES 

Tambourines  and  triangles — cymbals  and 
snare  drums — castanets  and  clarinets — these 
are  a  few  of  the  elusive  instruments  the 
tweeter  brings  you  with  concert  hall  Quality 
and  brilliance.  Connect  it  to  any  good  cone 
speaker  and  hear  every  frequency — all  the 
over-tones — riftht  to  the  top  of  CM  audible 
M^rum.  Linen  to  one  at  your  nearest 
distributor.  Three  inexpensive  models  avail¬ 
able — a  cabinet  type  and  single  or  dual  un¬ 
mounted  units.  List  prices  from  520.00. 
Write  UNIVERSITY  LOUDSPEAKERS. 
INC.,  80  Sooth  Kensioo  Avenoe,  White 
Plaina,  New  York. 


300  TWIN 
8€Nt>S 

per  hoot*! 


With  Two  DI-ACRO  BENDERS 

A  difl&cult  production  problem  of  pieces  are  completed  per  hour — 600 
forming  two  bends  in  a  long  length  mdividual  bends. 


of  tubing  was  solved  by  “teaming  '*dIE-LI 
up”  two  DI-ACRO  Benders  as  illus-  | 

trated.  This  dual-forming  arrange- 
ment  saved  installation  of  special 
machinery.  Two  accurately  formed  k'^ 
bends  are  obtained  in  one  operation 
—without  distortion  of  the  tube  and  varietj 
at  a  cost  competitive  to  power  pieces 
operated  equipment.  More  than  300  without 

Write  for  Catalog— "DIE-LESS  DUPLICATING 


"DIE-LESS  DUPLICATING”  Often 
Does  it  Quicker  WITHOUT  DIES 

This  is  but  one  example  of  how  DI- 
ACRO  precision  machines — Benders, 
Brakes  and  Shears — can  accwrately 
and  economically  duplicate  a  great 
variety  of  parts, 
pieces  and  shapes, 
without  die  expense. 


'<DI-ACRO  U  prenevnced  "DIE-ACK-RO* 


untiL-mwinmfb.co^N 


BOLAND  &  BOYCE  INC,  PUBLISHERS 


NEW  BOOKS  (continutd) 

sponse  curves  are  presented  for  va¬ 
rious  systems  so  that  the  book  con¬ 
stitutes  both  a  guide  to  analytical 
methods  and  a  reference  to  char¬ 
acteristic  responses. 

The  last  four  chapters  cover  the 
classical  (step  function)  approach, 
frequency  spectrum  analysis,  and 
simple  and  multiple  loop  regulators. 
They  concern  system  characteris¬ 
tics.  In  the  two  introductory  chap¬ 
ters,  the  physical  means  (pneu¬ 
matic  hydraulic,  mechanical  and 
electronic)  for  realizing  these  char¬ 
acteristics  are  discussed.  An  ap¬ 
pendix  include^  problems  and  their 
answers. — F.  H.  R. 


THE  COMPLETE 

RADIO  HANDBOOK  ^ 


BROADCAST 

EQUIPMENT 


Radio  Handbook, 

11th  Edition 

Eoma)  BY  R.  L.  Dawley.  Editors  and 

Engineers,  Ltd.,  Santa  Barbara, 

California,  1947,  512  pages.  $3.25 

postpaid. 

WHHiE  it  is  not  necessary  to  be 
crazy  to  be  a  good  radio  amateur, 
it  is  definite  help — ^thus  proving 
the  old  cliche.  For,  as  a  class,  the 
hams  are  about  as  crazy  as  man 
comes  without  being  put  away. 

These  operators,  technicians,  en¬ 
gineers  go  to  great  pains  to  build 
apparatus  which  is  promptly  tom 
down;  they  spend  all  night  talking 
to  other  hams  to  whom  they  really 
have  nothing  to  say;  they  purchase 
great  quantities  of  surplus  radio 
gear  much  of  which  they  will  never 
use ;  they  are  a  menace  to  home  life 
— ^but  their  value  to  the  nation  is 
so  great  and  so  well  established 
that  their  status  is  secure  even  if 
their  allocations  are  not. 

If  there  is  one  thing  the  average 
ham  is  violent  about  it  is  his  search 
for  knowledge.  He  is  in  a  constant 
turmoil  endeavoring  to  improve  his 
gear  and  its  operation;  he  investi¬ 
gates  every  silly  idea  and  makes 
many  of  them  work.  New  regions 
of  the  spectrum  are  his  happy  hunt¬ 
ing  ground;  he  is  a  pioneer  and  an 
explorer. 

Thus  when  one  of  the  amateur 
handbooks,  like  the  11th  Edition  of 
the  Radio  Handbook  or  the  ARRL 
book  comes  out,  there  is  (or/should 
be)  a  rush  to  buy  it.  The  new  Radio 
Handbook  is  a  help  in  the  educa¬ 
tion  direction  for  it  is  over  500 
pages  of  facts.  There  are  more  than 


Adjustable  phase 
sampling  loops 

Isolation  filters 

Sampling  lines 

FM  and  AM  concen¬ 
tric  lines 

Fixed  capacitors 

Variable  capacitors 

Phase  sampling 
transformers 

FM  iso-couplers 

Standing  wave 
indicators 

Tower  lighting  filters 

Supports  for  open 
wire  transmission 
lines 

Pressurized 

capacitors 

Neutralizing 

capacitors 

Fixed  inductors 

Variable  inductors 


HaaBwMNy  kMMd  I*  RED  and  GOLD 

In  1000  poges  .  .  .  All  data  and 
basic  knowledge  in  radio  and 
electronics 

digested  into  12  sections  .  .  . 
in  a  complete,  quick  to  find, 
eosy  to  read,  handbook  form. 


PUa  ararr  operation  In  radio  and  alactronloa  aitli  tba 
Badlo  Data  Book,  nia  new  radio  blbla  will  be  tout 
Ufeloaa  tool  .  .  .  pon  wlU  uae  It  ererr  day.  oo  the  board, 
at  the  bench,  in  the  held  I  Uae  It  for  engineering,  construc- 
tloiL  troubla-ahootlng  and  teatlng.  The  RADIO  DATA 
BOOK  win  be  poor  mtrahiable  aid  In  ^**«*t-  experiment 
and  la  lanwL  It  wlU  Mp  maka  your  production  bMter, 
(Bator  and  atBar.  In  any  aad  arary  operation  In  radio 
and  elaetronlca.  you  will  uae  the  RADIO  DATA  BOOK  I 
The  RADIO  DATA  BOOK  la  a  work  of  «n«npi««e 
anthorlty,  prepared  by  wglwaari  with  many  years  of 
praotleal  experlenoe.  ntey  hatra  been  ami  if  ad  by  the 
Bolaad  A  Boyoe  Raff  of  edHors  ikilled  In  preparing 
alaatroalci  manuals  (or  the  U.  8,  Signal  Corps  for  many 
yaaia.  Theae  men  hara  warhed  for  sereral  years  gatharlng 
■atarlal  (Or  this  book  .  .  .  au  the  knowladps  of  radio 
prlnelples  and  operation  ...  aU  the  statistics  ...  all 
the  newest  derelopiBants  In  aiectronlos  .  .  .  arery  poailbla 
angle  and  datalL  Pghtaen  montha  were  vent 
Ihla  material  Into  the  moat  condae,  the  deareat,  and  tlM 
Mat  teadiWa  foras.  The  rtditt  Is  this  Inralnabla  manoal 
...  IBs  RADIO  DATA  BOOK.  Whether  you  uae  thU 
book  for  pnoral  lefarenoa,  for  aelentUle  inatruction,  or  for 
adneatlon,  one  thing  to  eartaln— the  nraetleal  h^.  the 
dally  naefnlniwi  yon  wlU  dadsa  froas  It  wiU  prora  to  be 
worth  Buuiy.  many  ilnMa  Ita  aatonlahlngly  low  prleel 
Adranoed  Bale  .  .  .  drat  printing.  O^  10,000  arall- 
abla.  ...  To  make  ■ate  to  gat  your  RADIO  DATA 
BOfNC,  mall  yow  order  NOWI 

It  awbaaa  .  .  .  NM  papae  .  .  .  Caaiplafaly  IBpitrated 

SilBia  I.  THE  IN  BASIC  CIRCUITS  IN  RADIO. 
■laMia  t.  COMPLETE  TEST  EQUIPMENT  DATA. 
CaaNaa  S.  TESTINO.  MEASURING  AND  ALIGNMENT. 
Saatlaa  4.  ALL  ABOUT  ANTENNAS. 

Saattoa  B.  SOUND  SYSTEMS. 

fwMaa  S.  RECORDING 

Sadlaa  7.  COMPLETE  TUBE  MANUAL. 

Saatlaa  S.  CNASTS.  GRAPHS  AND  CURVES. 

Saatlaa  1.  CODES.  SYMBOLS  AND  STANDARDS. 
Saatlaa  IK  SO  TESTED  CIRCUITS  DESIGNED  FOR 
OPTIMUM  PERFORMANCE. 

Saattoa  II.  DICTIONARY  OF  RADIO  AND  ELEC¬ 
TRONIC  TERMS. 

Saatlaa  It.  RADIO  BOOK  BIBLIOGRAPHY. 


12  complsts  books  in  one  only  | 
Lott  Hion  42c  p«r  book! 


MAIL  THIS  COUPON  TO  YOUR  JOBBER 
TODAY!  OR  DIRECT  TO: 

BOLAND  A  BOYCE  INC..  PUBUSHER8  EL-2 
4S0  BLOOMFIELD  AYE..  MONTCLAIR.  N.  1. 
Plaata  atad  am  a  eapy  at  THE  RADIO  DATA 
BOOK.  Endesad  Is  $5.00.  ($5.50  Fersign). 


Write  for  specific  informa¬ 
tion  directly  or  through  your 
consulting  engineer. 


ELECTRONICS 


I 


THERE'S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


S.  WALTER  Co. 

PRECISION  SHEET  METAL  PRODUCTS 


2460  W  GEORGE  ST 


CHICAGO  18.  ILL 


From  that  mi^ty  mite 


Plants:  Foit  Wayns,  Indiana;  Detroit,  Michigan; 
Anaheim,  California.  Warehouses*  and  Sales 
Offices:  'Atlanta,  Ga.;  'Boston,  Mass.;  'Chicago, 
Ill.;  Dallas,  Texas;  Dayton,  Ohio: 'Detroit,  Mich.; 
Kansas  City,  Mo.;  'Newark,  N.J.;  Philadelphia, 
Pa.;  *St.  Louis,  Mo.;  Cleyeland,  Ohio;  Milwaukee, 
Wis.;  San  Francisco,  Calif.;  *Los  Angelas,  Calif. 


P^ROTOCTS 


TO  HELP  YOU  WITH  YOUR 

SHEET 


fabrication 

requirew^*^^^ 


SHEET  METAL  PRODUCTS— juch  «$: 
INSTRUMENT  PANELS.  RADIO  COM 
MUNICATION  CASES  and  ENCLO¬ 
SURES.  OSCILLATOR  BOXES,  CHASSIS' 
and  CABINET  ASSEMBLIES,  RACKS  and 
SPARE  PARTS  BOXES.  WATERPROOF 
CABINETS  and  BOXES.  METAL  STAll^P- 
INGS.  FORMING  and  WELDING  ol 
FERROUS  and  NONFERROUS  METALS. 


S-306-AB  —  Sockst 
with  Angle  Brockets. 


Series  300  Small  Plugs  &  Sockets 
for  1001  Uses 

Made  in  2  to  33  contacts  for  45  volts, 
5  amps,  for  cop  or  panel  mounting. 
Higher  ratings  where  circuits  permit.  All 
plugs  and  sockets  polarized.  Knife  switch 
socket  contacts  phosphor  bronze,  cadmium 
plated.  Engage  both  sides  of  flat  plug — 
double  contact  area.  Bor  type  plug  con¬ 
tacts  hard  brass  cadmium  plated.  Body 
molded  bakelite. 

Get  full  details  in  Catalog  16.  Complete 
Jones  line  of  Electrical  Connecting  De¬ 
vices,  Plugs,  Sockets,  Terminal  Strips. 
Writ*  today. 


We  can  assure  you  of  excellent  work¬ 
manship  and  prompt  deliveries.  Send  us 
your  blueprints  and  specifications.  Wa 
shall  quote  you  immediately. 


1400  ATLANTIC  AVE. 
BKOOKLYN  16,  NEW  YORK 
TEL.  SLOCUM  0-7501 
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154  WEST  14ih  St.,  NEW  YORK  11,  N.  Y 


SOLDERING  GUN 

Time  Saving-Money  Making  Features! 


115  Volts 
60  Cycles 
Two  Models 
100  Watts 
Single  heat 
100/135  Watts 
I>ual  heat 


$09  your  radio  parts  distributor  or  otecfrieat  whofe- 
iolor.  Or  write  direct  for  bulletin. 


WELLER  Mfg.  Co 

806  Packer  St. 


Easton,  Pa 


1^,  IMPROVE©  SWNAl 

COJtXUL 


FOR 

4  Y  FREQUENCY 

^  ^  SWITCHING 

Double  coil  electro-magnets 
provide  increased  power  for 
extra  high  contact  pressures, 
insuring  positive  contact  un¬ 
der  vibration  conditions. 

[Actuating  rod  of  special 
molded  composition  floats  in 
ball  and  cup  end  bearings. 
Armature  provided  with  oilite 
bearings,  with  stainless  steel 
pin,  insuring  mechanical  life 
of  several  million  operations. 
Contact  arm  construction  pro¬ 
vides  wiping  action  in  both 
transmit  and  receive  posi¬ 
tions. 

Bulletin  C6  upon  roquost 


NEW  ROOKS  (continued) 

60  pages  of  tube  data  alone;  there 
are  answers  to  many  of  the  ques¬ 
tions  asked  by  anyone  who  builds 
and  operates  radio  equipment; 
there  are  hundreds  of  practical 
workable  circuits  with  full  con¬ 
struction  data.  The  book  is  of  large 
format,  contains  about  60  pages 
of  advertisements,  is  well  illustra¬ 
ted  and  is  easy  to  read  and  digest. 

It  is  an  eminently  useful  book  for 
hams  as  well  as  for  any  practicing 
radio  'communications  engineer. — 

K.  H. 

EHectronic  Circuits  and  Tubes 

By  the  Elbcironics  Training  Statt 

OP  Crupt  Laboratory.  MeGraw- 

HUl  Book  Co.,  New  York,  N.  Y., 

1947,  948  pages,  $7.50. 

This  book  is  an  outgrowth  of  the 
notes  used  in  a  basic  electronics 
course  given  to  radar  officers  of  the 
armed  forces  during  World  War  II. 

The  book  surveys  the  field  of  elec¬ 
tronics  and  electron  tubes  as  well 
as  circuits  used  in  the  field  of  com¬ 
munications.  The  material  covers 
basic  a-c  theory  and  circuits,  tran¬ 
sients,  electron  tubes,  amplifiers, 
oscillators,  modulation,  demodula¬ 
tion,  radio  receivers,  and  special 
timing  circuits.  Due  to  this  wide 
coverage,  the  material  is  not  as  de¬ 
tailed  as  it  is  in  books  dealing  with 
specialties.  However,  from  the 
pedagogical  point  of  view,  the  sub¬ 
ject  matter  is  admirably  presented 
and  the  continuity  is  very  good  de¬ 
spite  the  fact  that  eleven  authors 
collaborated. 

The  reader  is  expected  to  have  a 
good  knowledge  of  the  calculus  and 
should  be  familiar  with  a-c  circuits 
because  the  circuit  material  in  the 
book  does  not  seem  sufficient  for  a 
first  exposure.  The  book  seems 
suited  as  a  text  for  seniors  in  elec¬ 
trical  engineering  who  are  taking 
a  course  in  communication  electron¬ 
ics.  Because  of  its  excellent  pre¬ 
sentation,  the  book  may  also  be 
used  as  a  source  of  information 
outside  formal  course  work  by  those 
who  wish  to  study  the  field  on  their 
own.  The  greatest  weakness  of  the 
book  is  the  lack  of  problems  which 
can  be  used  by  the  reader.  Also, 
the  references  to  outside  reading  . 
are  not  as  plentiful  as  they  might  |l 
be. 

The  text  compares  quite  favor- 
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FOR  CRITICAL 
APPUCATIONS 

REQUIRIN6  THE 
HIGHEST  DIELECTRIC 
QUALITIES 

• 

UNICON 

MYKAPLAST 

CAPACITORS 


Unkon  Mykaplast  (plastic  film) 
Capacitors,  series  100,  possess 
electrical  qualities  closely  op- 
proaching  the  ideal: 

•  Low  Power  Factor — .05% 

•  High  Q — several  thousand 

•  High  I.  R.— 400  kilomegs/mf 

•  Low  Residual  Charge — .08% 
after  0.1  second  discharge 

•  Good  Capacitance  Stability 

•  Low  Weight  and  Bulk 

•  Low  Loss  Terminals 


UNITED  CONDENSER  CORP. 

422  EAST  138TH  STREET 
New  YorA  54.  N.  Y. 


New  AM  SUPERHET  TUNER 

with  self-contained  Power  Supply 

by  "Adapfrol"  has 
numerous  raluable  applications 
tor  MANUFACTURERS. 
Efficient  and  Economical 


“Adaptor*  AM  Snperhet  'Tunner  (Q40  to 
1700  KO)  Is  compact.  suitable  for  use 

In  conjunction  with  Wire  and  Tape  Recorders. 
Has  many  Experimental  uses  .  .  .  Tuner  tor 
Custom-Built  Radios  A  PA  systems  ....  Has 
many  "eonvereion"’  uses. 

CIBCUIT  FRATDRRHi  Prtt-contained  power 
•upplp  for  llOV  AO-DC  00-60  eyclea  .  .  . 
Tkree  tute  oinuit  of  conrentlonal  deslan. 
nslMc  the  lateet  weMature  and  dual  purpoee 
tubee.  Oa^lator-cooTerter ;  I.r.-2nd  detec- 
A.O.  reetUer  .  .  .  F^rmeabllltr  tuned 
dmMree  I.r.’s  .  .  .  Approx  .0  rolt  andlo 
ontpet  across  Interral  .6  megohm  Internal 
iMd  rsnlstor,  on  aTemge  B.O.  djpial  with  Ore 
foot  antenna  .  .  .  Units  IndlTldnalLr  tracked 
at  FOUR  points  through  tuning  range  of 
146-1700  ke  .  .  .  COMPACT:  Approximately 

Write  far  prieee  and  further  detaUe  to: 

ADAPTOL  CO. 

Dept.  E. 

120  New  Uta  Arp.  Broeklyn,  N.  Y. 


COMPOUNDS. 

8clentlllcaU7  compoandod  for  speelfle  applimtloiks  from  waxes,  rerins, 
asphalts,  pitches,  oils,  and  minerals,  ATallable  In  wide  range  of  melting 
pomts  and  hardnesses.  Special  potting  compounds  are  heat  conducting  and 
crack  resistant  at  extremely  low  temperatnrea.  Recommen^tlons,  speelflc 
data,  and  samples  will  be  fnmlshed  on  reqnest. 


tor 


IMPREGNATING 
radio  coil* 
tranifwsisr  Milt 
Isnition  eolit 
wlr,  eowriofs 
wssr  tubes  end  forsit 
porous  csrsfflies 

DIPPING 

Colls 

Trsn  storm  STS 
Cond,nssrs 


SEALING 

eofldensws 

battsrlM 

switch  base  tMwilnals 
socket  terminals 
lllht  flxturss 
POTTING 
Radio  Transformers 
Ll,ht  Units 
Loadin,  Coils 
Condensers 


BIWAX  CORPORATION 


3  4  4  5  HOWARD  STREET 
SKOKIE,  ILLINOIS 


THE  KEY  TO  PRECISION: 
Made  to  Order 

QUADRIGA  WASHERS 

To  Your  Specifications 


Insure  that  your  washers  are  made  to  fit  your  indiriduol 
requirements.  Send  specifications  or  samples  for  estimate 
wi&out  obliqation.  Any  quontity.  large  or  small,  will  re- 
ceiue  prompt  attention.  Also,  SMALL  STAMPINGS. 

SEND  FOR  CATALOG 

THE  QUADRIGA  MFG.  CO. 

Sines  IR94 

221 A  W.  Grand  Avenue  Chicago  10,  III. 


■W  FOR  THE  FIRST  TIME 

HIGH  SENSITIVITY  IN  A 
SELF-CONTAINED  ALL  AC  OPERATED  UNIT 

50  MICROVOLTS  TO  500  VOLTS 


MODEL  47  VOLTMETER 

An  extremely  sensitive  am¬ 
plifier  type  instrument  that 
serves  simultaneously  os  a 
voltmeter  and  high  gain 
amplifier. 

e  Accuruqr  :^2%  from  IS 
cycles  to  30  kc. 

±5%  from  30  kc  to 
100  kc. 

e  Input  Impedance  1  meg¬ 
ohm  plus  IS  uuf.  shunt 
capacity. 

e  Amplifier  Gain  40000 


Also  MODEL  45 
WIDE  BAND 
VOLTMETER 
.0005  to  SOO  Volts 
5  Cyclos  to  1600  kc. 


e  Output  indicator  for  microphones  of  oil 
types 

e  Low  level  phonograph  pickups 
e  Acceleration  and  other  vibration  measur¬ 
ing  pickups. 

e  Sound  level  measurements. 


A  few  of  many  uses: 

•  Gain  and  frequency  meosurements  for  oil 
types  of  audio  equipment. 

•  Densitometric  measurements  in  photog¬ 
raphy  ond  film  production. 

•  Light  flux  measurements  in  conjunction 
with  photocells. 


Writ*  for  Complete  Imformatiom 


Instrument  Bectronics 


42-1 7A  Douglaston  Parkway 
DOUGLASTON,  L  I.,  N.  Y. 
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NEW  BOOKS 


(cMtiniMd) 


NOW- 
A  QUALITY 
2-KW  INDUaiON 
HEATING  UNIT 


For  Only  $650. 


N«v«r  b«for«  •  value  like  this  new 
2-KW  bench  model  "Bomberder"  or 
high  frequency  Induction  heeter  ...  for 
Mving  time  end  money  in  surface  hard¬ 
ening,  bresing,  soldering,  annealing  end 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardisation  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  ofRciancy. 
Oparatas  from  llO-voit  lino.  Complata 
with  foot  switch  and  one  heating  coil 
made  to  customer's  raquiromants.  Sand 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par. 
ticular  job.  Cost,  complete,  only  $650. 
Inunediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  l-3-5-7l/2-l0-l2>^l5-l8-25-40-60- 
•O-IOO-250-KW^nd  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


Division  of 

‘‘S”  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfield,  N.  J. 


ably  with  other  books  in  the  field, 
being  more  modem  and  up-to-date 
than  some.  On  the  whole,  this  book 
is  well  recommended  because  it  is 
well  written  and  because  it  covers 
the  fundamentals  of  the  field  of 
electronic  circuits  and  tubes  ef¬ 
fectively. — John  R.  Ragazzini, 
Columbia  University,  New  York, 
N.  Y, 


New  Weapons  for 
Air  Warfare 

Edited  by  Joseph  C.  Boyce,  Special 
Assistant  to  the  Chairman,  NDRC, 
and  Professor  of  Physics,  New  York 
University.  Little,  Brown  and  Co. 
in  association  with  The  Atlantic 
Monthly  Press,  Boston,  1947,  292 
pages,  $4.00. 

This  volume,  second  in  the  series 
on  the  history  of  the  Office  of  Sci-  j 
entific  Research  and  Development,  | 
covers  fire  control,  proximity  fuses  i 
and  guided  missiles.  (The  first  of  ! 
the  series  is  the  Pulitzer-Prize 
winning  “Scientists  Against  Time” 

— Electronics,  p  302  Dec.  1947.) 

As  a  record  of  the  organization  and 
operation  of  the  divisions  concerned 
with  these  developments,  this  book 
not  only  gives  credit  to  those  whose 
foresight  and  singleness  of  puniose 
made  the  projects  successful,  but  it 
also  shows  how  cooperation  without 
coercion  constitutes  the  core  of 
American  scientific,  engineering 
and  industrial  productivity.  For 
those  workers  who  saw  only  por¬ 
tions  of  the  projects  in  which  they 
participated,  this  book  and  the  oth¬ 
ers  of  the  series  give  a  coordinated 
picture. 

In  addition  to  describing  in  a 
nontechnical  manner  the  obstacles 
and  achievements  of  various  devel¬ 
opments,  the  book  tells  something 
of  the  use  of  the  developments 
in  winning  the  war.  For  example,  j 
“The  story  is  one  of  the  outstand-  j 
ing  romances  of  the  war.  The  | 
buzz-bomb  was  defeated  by  a  com¬ 
bination  of  these  OSRD-produced 
weapons — the  VT-fuze,  the  M-9 
director  and  the  SCR-584  radar.  . 
In  the  matching  of  wits  and 
weapons,  American  science,  in¬ 
dustry  and  the  military  beat  deci¬ 
sively  this  creation  of  the  much- 
vaunted  Grerman  scientists.”  The 
experience  of  managing  research 
projects  that  is  reported  in  this 
volume  will  be  of  value  to  any  one 


Add  this  new  note-- 
THE  QUALITY  mTE- 
to  your  combinations 

r 


VDvlh  the  General  Electric 


Variable  Reluctance 
Pickup 

Broadcast  stations  must  have 
the  finest  reproduction  pos¬ 
sible  for  transcribed  programs. 
Their  chief  engineers,  the  most 
critical  customers  in  the  world, 
are  really  tough  to  convince  be¬ 
cause  they  have  the  technical 
facilities  to  test  every  claim  made 
for  the  equipment  they  use. 

Hundreds  of  broodcotl  stations  have 
changed  over  to  the  General  Electric 
Variable  Reluctance  Pickup 
for  studio  use 

Desira  engineers  on  radio-phono¬ 
graph  combinations  are  sceptics 
of  the  first  order  when  it  comes  to 
speci^^g  a  new  unit  for^their 
sets.  They  have  to  be  shown. 

A  number  of  leading  manufacturers 
now  specify  the  General  Electric 
Variable  Reluctance  Pickup 

Letters  from  music  lovers  in  in¬ 
creasing  numbers  tell  us  how 
much  the  General  Electric  Vari¬ 
able  Reluctance  Pickup  has  in¬ 
creased  their  listening  pleasure — 
how  it  has  brought  out  new  beau¬ 
ty  in  their  old  recordings. 

The  opinions  voiced  by  the  general 
public  should  mean  much  to  you  be¬ 
cause— they  can  be  your  customers 

Write  today  —  learn  how  the 
General  Electric  Variable  Reluc¬ 
tance  Pickup  can  help  keep  your 
p^roduction  lines  numming. 
General  Electric  Company,  El^- 
tronics  Department,  Electronics 
Park,  Syracuse,  New  York. 


GENERAlQ  ELECTRIC 
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[projection  TELEVISION! 


30  KV  RF  POWER  SUPPLY 

Dimemions  — 

Length  14', 

Width  II', 

Height  1 1 V4'. 

TIijs  unit  hM  a 
low  Toltaca  lup- 
ply  Miiarate  from 
hl^ToItagepnck. 

voltage  DC 
gupply  haa  oon- 
tiol  wbiob  en- 
*blM  you  to  vary  _  .  . 

voltage  from  approximately  11  KV  to  40  KV.  Unit  ha« 
forua  control  built  In  for  uae  with  5TP4  €QQ  Rf) 
projectlm  tube.  Price,  complete . 

REGULATiON  CURVE  FOR  30  KV  TRiPLER 


iRcisKiiRKaiiSiiiijiiinBBBi 
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cOAO  m  MtCIIO-AMPS 


l^elvd#  25%  Dewotit  With  Order.  Balance  C.O.D. 


Pioneers  in  ProjeeHon  Television 

SPELLMAN  TELEVISION  COMPANY 

2898  JEROME  AVENUE,  NEW  YORK  58.  N.  Y. 


THE  IDEAL  PAIR 
FOR  RECORDING! 

for 


For  culling  direci 
on  all  coaled  aluminum,  paper 
or  glass  base  discs.  Machine- 
lapped  lo  insure  o  mirror-like 
finish  ...  a  clean,  quiel-cui 
groove. 

svbocW 


Made  lo  fit  Ihe 
groove  cul  by  Ihe  Brillianlone 
Recording  Needle.  Used  by  lop 
radio  slalions  and  Iranscriplion 
companies. 

Products  of 


He  W.  ACTON  COe,  Inc. 

Sole  Distributor 

370  Seventh  Ase.,  New  York  1,  N.Y. 

Send  for  New  Catalog  “D" 
and  Current  Price  lists. 
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MetdUic  Rectifiers  Since  1923 


Selenium 


Copper 

Sulphide 


A  modem  piemi  pins  a  resonreefni  engineer¬ 
ing  staff  emd  a  qncnrter  centnry  of  experience 

provide  the  "know-how"  and  iacilitiee  to  serve 
YOUR  AC  to  DC  power  conversion  require¬ 
ments. 

Manufacturers  of  selenium  and  copper  sulphide  rectifiers, 
rectifier-transformer  assemblies,  and  AC-DC  power  supply 
units  for  every  requirement. 

Consulting  service  available 
without  obligation 

THE  BENWOOD-LINZE  CO. 

Division  of  the  Sperry  Corporation 

1815  Locust  St.  St.  Louis  3,  Mo. 

Long  Distance  Telephone  CEntrol  5830 


* /  ' 

til 

^  T  ^ 

1*3*1 

W  T  T 

Filaments,  anodes,  supporte,  springs,  etc. 
ior  electronic  tubee.  Small  wire  and  flat 
metal  formed  parte  to  your  prints  lor  your 
assemblies.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to  Vh- 
inch.  Any  length  up  to  12  feet 
LUXON  fishing  tackle  acceeeoriee. 
Inquiries  will  receive  prompt  ottentlorL 


STAMPING  CO. 

227  High  St  Newark  2.  N.  I. 


Looking  For 
Dependable  Coils? 

LOOK  TO  DANO 

Every  Job  to 
YOUR  OWN  DESIGN 


The  aucccaa  of  an  wlwctrical  opwration  U 
dependant  on  the  right  coil.  Nobody  realisea 
this  fad  more  than  production-wise  engineers. 
That's  why  they  apeciiy  DANO  COILS.  They 
know  that  they  con  Depend  on  Dono. 

ALSO  TRANSFORMERS  MADE  TO  ORDER 


9  3'»Tf|N  ST. 
WINSTEO,  CONN. 


SELETRON  DIVISION 

K AUlO  RFC  EPTOK  CORPAAY,  I>c.  ^ 

Sine*  1972  in  Radio  and  ffectronics 

251  WEST  19TH  STREET,  NEW  YORK  11,  N.  Y. 


NEW  BOOKS  (cMtiniMd) 

responsible,  or  who  hopes  to  become 
responsible,  for  directing  similar 
peacetime  efforts. — P.  H.  R. 


HOPP  OFFERS  7 

t2eHaaaie  plaiiic  SefiuJmi. 


Books  Received  for  Review 


BUjEaiENTS  OF  NOMOORAPHY.  By 
R.  D.  DoukIeibs,  Professor  of  Mathematics, 
and  D.  P.  Adams,  Assistant  Professor  of 
Ortmhics,  both  of  Massachusetts  Institute 
of  Techaolosy.  McQraw-HiU  Book  Co.. 
Ina,  1947,  209  pages,  $2.50.  Theory  and 
construction  of  nomographic  charts,  in¬ 
cluding  a  chapter  on  the  circle  nomo¬ 
graph  which  is  particularly  useful  In  rep¬ 
resenting  electrical  circuit  relations. 


Pit  T«iir  plastic  piodttct  or  part  nieds  In  onrskUMLexpiritnctil  liands 

•  EXTRUSION  MOLDING  •  INJECnON  MOLDING  •  LAMINATING 

Continuous  lsa9tbs  in  any  Ports  or  products  moldod  to  Layers  of  transparent  plas- 
fonn.  specified  shope.  tics,  sealing  hermetically  any 

•  FABRICATING  •PRINTING  printed  surface. 

sheets,  flexible  or  Our  specialty  has  been  print-  •  DIE  CUTTING 
rigid,  wide  color  ronge.  laq  where  extremely  close  To  any  shape,  done  on  .our 
register  is  imperative.  own  premises. 

•  FORMING 

Sheet  plastics  formed  to  de¬ 
sired  shape. 


INSTRUMENT  AND  CONTROL  MA.N- 
UAL  FOR  OPERATING  ENGINEERS. 
By  Ehigene  W.  F.  Feller.  McGraw-Hill 
Book  Co.,  Ina,  New  York,  N.  Y.,  1947, 
426  pages,  $6.00.  Basic  principles  of  con¬ 
trol,  and  construction  and  operation  of 
liquid-level,  pressure,  temperature,  speed 
and  humidity  indicators  and  controllers 
Though  only  a  few  electronic  circuits  are 
covered,  the  material  is  essential  reference 
reading  for  those  applying  electronic  con¬ 
trols  to  industrial  instrumentation  and 
automatic  control  problems. 


injrmatigaio  our 
COMPLETE 
PlaMtict  PaeilitioB 


PERPETUAL  TROUBLBSHOOTBms 
MANUAL,  Vol.  XVI.  John  F.  Rider  Pub¬ 
lisher,  Inc.,  New  York  16,  N.  Y.,  1947,  7S6 
pages  plus  48-page  How  It  Works  book¬ 
let  with  index,  $6.60.  Radio  receiver  and 
record  changer  service  data  from  94 
manufacturers,  collected  and  arranged  for 
easy  reference,  with  clarified  schematics 
showing  circuits  set  up  for  each  position 
of  band-changing  switch.  Booklet  ana¬ 
lyses  new  developments  in  f-m  receiving 
antennas,  selenium  rectifier  circuits,  f-m 
preemphasis  and  deemphasis,  f-m  tuning 
indicators,  special  avc  circuits,  television 
power  supplies,  and  battery  charging 
circuits. 


HOPP 


PROCEEDINGS  OP  THE  SOCIETY  FOR 
EXPERIMENTAL  STRESS  ANALYSIS, 
Vol.  V,  No.  1.  Published  by  Society  for 
Experimental  Stress  Analysis,  Central 
Square  Station,  P.  O.  Box  168,  Cambridge 
39,  Mass.,  1947,  136  pages,  $6.00.  Mem¬ 
bership  roster  and  15  papers,  two  of  which 
are  on  radio  telemetering  and  one  on 
x-ray  techniques.  Both  telemetering  topics 
have  been  covered  in  EIlbctronics. 


NOMOGRAPHY.  By  A.  S.  Levens,  Asso¬ 
ciate  Professor,  University  of  California. 
John  Wiley  St  Sons,  Inc.,  New  York,  1948, 
176  pages,  $3.00.  Construction  of  align¬ 
ment  and  proportional  charts  is  developed 
from  geometry  of  seven  generally  en¬ 
countered  types  of  equations,  with 
examples  from  various  branches  of  engi¬ 
neering.  A  chapter  on  shortcuts  in  con¬ 
structing  charts  presents  especially  useful 
approaches ;  a  chapter  on  using  determi¬ 
nants  in  constructing  charts  presents  es¬ 
pecially  powerful  approaches. 


METHODS  OP  ALGEIBRAIC  GEOME¬ 
TRY.  By  W.  V.  D.  Hodge  and  D.  Pedoe, 
both  of  the  Cambridge  faculty.  Cambridge 
University  Press,  1947,  $6.50;  Book  I, 
Algebraic  Preliminaries,  173  pages;  Book 
II,  Projective  Space,  258  pages  (bound  in 
a  single  volume).  Mathematics  of  fields 
using  methods  of  matrices,  and  modern 
algebra  are  developed  in  Book  I.  Space  is 
dealt  with  almbraically  and  synthetically 
in  Book  II.  TTie  methods  dealt  with  are 
among  those  by  which  waveguide  and 
multimesh  circuits  and  modem  theories  of 
communication  are  studied. 


The  most  complete  line  of  miniature  110  volt  Sel¬ 
enium  Rectifiers  for  radio  and  television  application. 
The  5L1  (75  ma.)  stack  has  the  smallest  plate  size, 
Vb"  X  1“,  and  the  5Q1  (250  ma.)  stack  has  the  largest 
electrical  rating  available. 


RADIO  TUBE  VADE  MECUM  1948.  7th 
EDITION,  prepared  and  published  by 
P.  H.  Brans,  Ltd.,  Antwerp,  Belgium. 
1948  ;  294  pages,  available  in  U.S.A. 

through  Editors  St  Engineers,  Ltd.,  1300 
Kenwood  Road,  Santa  Barbara,  Calif.. 
$3.10.  The  method  of  Indexing  this  list 
of  the  world's  radio  tubes  has  been  re¬ 
vised  ;  identical  types  are  grouped  by 
heater  voltage.  Additional  types,  includ¬ 
ing  transmitting,  cathode-ray  and  photo¬ 
electric  tubes  have  been  Included.  The 
expanded  edition  is  published  in  two  parts 
so  that  one  can  conveniently  open  to  the 
basing  diagrams  and  the  index  simul¬ 
taneously. 


Write  today  tor  full  particulars.  Dept.  5-117 
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Cod*  Number 

SLI 

SMI 

SP1 

SRI 

SQ1 

Current  Ratins 

Plate  Hei'sht 

Plate  Width 

75  ma. 
1' 

7/8' 

100  ma. 
1' 

1' 

1 50  ma. 

1  3/16' 

1  3/16' 

200  ma. 

1  1/2' 

1  1/4' 

250  ma. 

1  1/2' 

1  1/2' 

! 
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1000 

CYCLES 


Capitol  Radio 
Engineering  Institute 


1,000 

PMCOuCNCy  »fi  CPS 


•0,000 


An  Accredited  Technical  Institute 

16th  and  Park  Rd.,  N.  W. 

>  Washington  10,  D.  C. 

^  Home  Study  and  Residence 

Courses  in  Practical  Radio* 
q  Electronics  and  Television. 

Approved  for  Veteran  Training. 


More  than  14  years 
of  know-how  and 
experience  in  every 

PYROFERBIC 
i  IRON  CORE 


Pyrofarric  Iron  Cores  wore  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc¬ 
ceeding  year  are  inherent  in  every 
powdered  iron  product  today  pro¬ 
duced  by  the  P^ferric  Company, 
including:  a  full  line  of  standaid 
sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 


For  Powdorod  Iron  Corot  to  moot  your  tpoeifieo- 
Hons,  oddrou  your  inquiry  to 

Pyroferric  Go. 

421  last  214  Street,  New  York  City  47 


P4 


I""  re ferrea 

as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 

manufactured  to 
your  specifications 


CUP  WASHERS  manutacTurea  t 
for  Binding  Screws  specificatior 

WHITEHEAD  STAMPING  CO 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


At  last. . . 

AN  IMPROVED  AND  FASTER  MEANS 
FOR  AUDIO  WAVEFORM  ANALYSIS 

PANORAMIC 
SONIC  ANALYZER 

Model  AP-1 

Now,  in  a  matter  of  soconds,  you  con 
obtervu  differuncus  in  woveform  contunt 
produced  by  parameter  variations.  Model 
AP-I  indicates  graphically  the  frequency 
distribution  and  amplitude  of  audio  wave 
components.  Slow  painstaking  point-by¬ 
point  frequency  checks  are  eliminated. 
Ease  of  operation  and  simplicity  of  pres¬ 
entation  make  Model  AP-I  ideally  suited 
for  production  line  os  well  os  for  labora¬ 
tory  usage. 


**Where 

Professional 

Radiomen 

Study** 


CHECK  THESE  FEATURES... 

•  Panoramic  graphic  presentation  of 
frequency  versus  voltage  amplitude  • 
Continuous  scanning  from  40-20,000 c.pj. 
in  one  second  *  Wide  voltage  range 
0.05V  to  500V  •  Simple  operation  • 
Direct  simultaneous  reading  of  voltage 
and  frequency  •  Automatic  variable  se¬ 
lectivity  for  optimum  resolution  through¬ 
out  frequency  range  (see  graph  below) 

•  Both  linear  and  log  voltage  calibra¬ 
tions  *  Built-in  voltage  calibrator  * 
Frequency  scale  closely  logarithmic 


APPLICATIONS  . . . 

*  Inte  rmodulotion  measurements  * 
Harmonic  analysis  •  Noise  investigations 

*  Acoustic  studies  *  Vibration  analysis 

*  Material  testing 

Write  now  for  detailed  specifications, 
price  and  delivery 


RRDIO 


CORP 


w. 


92  Cold  St.  Cable  Address 

Nee  York  7.  N.  Y.  PANORlUNtC.  NtYY  YOl 

elusive  Canodion  Repfesentotivc.  Conodion  Morconi.  L< 
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Write  for 


82  Meadow  St.  New  Haven  10,  Conn 


Backtalk 


This  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


HIGH  VOLTAGE 
SELENIUM  RECTIFIERS 


Suppressor  Characteristics 
Dear  Sirs: 

Regarding  L.  G.  McCracken’s 
paper  on  the  Dynamic  Noise  Sup¬ 
pressor  (page  114  this  issue)  : 

Dr.  Guillemin’s  formulae,  from 
which  McCracken’s  analysis  is  de¬ 
rived,  are  based  upon  the  assump¬ 
tion  that  the  filters  are  terminated 
in  their  iterative  impedances  and 
are  dissipationless.  Neither  of 
these  conditions  can  apply  in  the 
D5Tiamic  Noise  Suppressor,  since 
the  impedances  shift  with  the  cutoff 
frequency.  Furthermore,  practical 
circuit  elements  are  not  dissipation¬ 
less,  and  the  reactance  tube  in  par¬ 
ticular  has  a  complicated  power 
factor  characteristic  which  varies 
with  the  cutoff  frequency. 

In  actual  practice,  the  termin¬ 
ating  impedances  for  the  Dynamic 
Noise  Suppressor  and  the  operating 
characteristics  of  the  reactance 
tube  are  selected  to  provide  best 
overall  characteristics.  Both  Dr. 
Guillemin  and  I  are  of  the  opinion 
that  because  of  the  complexity  of 
any  satisfactory  analysis  of  the  re¬ 
actance  tube  circuit,  a  mathematical 
analysis  should  not  be  relied  upon 
for  determining  the  exact  response 
curves. 

Bearing  in  mind  these  limita¬ 
tions,  McCracken’s  analysis  seems 
to  demonstrate  satisfactorily  how 
the  system  works.  Whether  this 
demonstration  is  more  or  less  useful 
than  a  simpler  inspection  of  the 
general  characteristic  circuits  is 
entirely  a  matter  of  opinion. 

It  should  be  noted  that  the  dy¬ 
namic-band-pass  system  is  useful 
in  any  application  where  the  signal 
is  changing  in  character,  so  that  the 
pass  band  may  include  only  the 
range  required  by  the  signal.  This 
is  entirely  independent  of  the  ear. 
However,  a  further  degree  of  sup- 


R*ctification  problems  are  readily  solved 
by  Bradley  engineers,  who  can  quickly 
specify  the  proper  selenium  or  copper 
oxide  rectifier  for.  your  application. 
Shown,  SE  6M  Series  rated  at  5  ma 
D.C.  and  from  1000  volts  peak  inverse 
up.  Hermetically  sealed  in  Vi"  diameter 
glass  tube. 


McElroy  engineers  have  now 
completed  design  on  the  new 
AC  drive  shown  above.  This 
unit  is  the  heart  of  the  high 
speed  equipment  now  being 
produced  at  the  factory.  It  is 
used  in  the  high  speed  re¬ 
corder,  the  keying  heads  and 
in  our  high  speed  tape  puller 
such  os  the  C^TP.  Speed  ratio 
is  50  to  1. 

Precision  machined,  the  unit 
will  not  vary  in  speed  once 
set,  regardless  of  normal  load. 
A  strobotac  will  show  no  vari¬ 
ation  in  speed  at  loads  up  to 
15  times  the  force  required  to 
break  tope.  Pulling  os  a  tape 
puller,  the  rate  will  be  within 
one  percent.  ^ 

An  ingenious  cradle  in¬ 
creases  friction  with  load,  and 
a  DC  solenoid  insures  that  the 
drive  and  idlers  will  be  out  of 
contact  when  the  drive  stops, 
thus  preventing  flats  on  the 
drive  wheel. 


SIMPLIFY  PHOTO-ELECTRIC 
APPARATUS 


Luxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltage 
is  required  to  operate  meters  and 
meter  relays  directly  from  Bradley 
photo  cells,  improving  control  over 
your  processes,  reducing  your  costs. 
Housed  model  shown.  Many  different 
sizes  and  shapes,  mounted  and  un¬ 
mounted. 

*T.  M.  REG.  U.  S.  PAT.  OFF. 


Illustrated  literature,  avail¬ 
able  on  request,  shows  Brad¬ 
ley’s  full  line  of  photo  ceils 
and  copper  oxide  and  selen¬ 
ium  rectifiers. 


Made  at  Telegraphers  Lodge, 
UTTLETON,  MASSACHUSETTS 
by  the 
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VITREOUS  ENAMELED 


ROUND  RHEOSTAT 


1  UlfS  90  TO  900  W9TT 


PROMPT  SHIPMENTS 
WRITE  EOfi  CATALOG  % 


SLIDE-CONTACT 

RHEOSTATS 

AND 

RESISTORS 

EIZI9  120  OIFF  UNITS 


REX  RHEOSTAT  CO 


BALDWIN  I  l„  N.  Y. 


FLUXES 

SODERING 

BRAZING  &  WUD'NG 

_ _ I  B  «UtN  (0  IN( 


(hicogo  31.  III. 


FINE  RIBBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Quality  and  accuracy  ia  our  fabrica¬ 
tion  of  Tunoaton  &  Molybdonum  Rib- 
bona  honro  characlorizod  our  aorrico  to 
tho  Doctronic  induatry. 

A  dmvmlopnfni  of 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


H.  CROSS  Co 


Tha  fanaaa  ‘‘Saaatlax"  Wire  Strippar  eamplato 
with  7  IntarehanpaaMa  WadM  for  atrtppina  any 
•iza  wira  from  Na.  R  tn  Nn.  30  will  ba  tha  handiact 
taal  In  tha  thap.  Stripa  800  to  1000  wirat  par 
hour— «ut»  wiraa  too.  Jntt  prats  tha  handia  and 
tha  Joh  it  dona.  Far  Hta  with  solid  or  ttrandad 
wirat.  Writa  today  far  cataiop  of  3.000  oltc- 


We  specialize  in 
Equipment  and  Methods  ^ 
for  the  manufacture  of 
RADIO  TUBES 

CATHODE  RAY  TUBES  » 

FLUORESCENT  LAMPS  1 

INCANDESCENT  LAMPS 

NEON  TUBES 

PHOTO  CELLS 

X-RAY  TUBES 

GLASS  PRODUCTS 

Production  or  Laboratory  Bons 


MICROMETER 

FREQUENCY 
METER  ^ - ' 


for 

ChocUni 
Transmitttrt 
from  100  Ke  to  I7S  Mo. 
wKhin  0.01  por  eont 

LAMPKIN  LABORATORIES,  INC. 

Bradenton,  Flo.,  U.  S.  A. 


Kahle  ENGINEERING  CO. 

1309  SEVENTH  STREET 
NORTH  BERGEN,  N.  J.,  U.  S.  A. 


GENERALCEMENT  mfq  co 


Join  with  eURDIHtR  So/Rer 


BRAND 

A  free  flowing  and  easy-to-use  ROSIN  CORE  SOLDER 
for  electrical  work  that  must  withstand  corrosion.  You 
don't  have  to  add  any  flux  .  .  .  the  flux  is  in  the  solder. 
Comes  in  all  commercial  sizes  and  quantities. 


ELECTRONIC  EQUIPMENT 

Custom  Built 
for  Yovu  Job 

BUCK  ENGINEERING  CO.,  Inc. 
37  Marcy  St.  Freehold,  N.  J. 


AMERICAN  SMELTING  AND  REFINING  COMPANY 
WHITINQ,  INDIANA  (CHICAQO) 


WE  manufacture  a  complete  line  of  equipment 

.SPOT  WKIJJERS.  electric  from  U  to  50  KVA  AP  .rp 

TIl.V.NSKtdtMEIlH.  special  aad  standard  types 

l.NL'.LNDESL'KNT  LAMP  manufacturing  equipment  fmm'llWl  t'n 

l••LI•OK^:S4'E^T  Tl’BE  MAKING  EQUIPMENT  ‘JvJ? 

ELEtTROXIU  EQUII-MENT,  vacuum  pumps,  etc. 

Wirr  GI..VSS  SLU'INQ  and  cutting  machines  for  laboratory  use 
GENERAL  GIA8S  working  machines  and  burners 
CGI.LEGE  GLASS  WORKING  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ave.)  Newark,  New  Jersey 


tt*"***"*"^^^^  Specializing  in 
High  Voltage  Filament  and  Plate 
Trantformers  for  Electronic  Projects 


FOR  SALE 

J — Head  Stem  and  Electrode 
Making  Machine 

2-3  weaks  dalivpry 
For  compietp  details  contact: 

HAYDU  brothers.  Manufacturers 

_ Plaintipld,  New  Jersey 


LET  US  DEVELOP  THAT  NEW  VACUUM  TUBE  FOR  YOU 

We  specialize  in  the  research,  development  and 
production  of  all  types  of  vacuum  tubes.  Laboratory 

or  Production  basis.  ^ 

ULLMAN  RESEARCH  CORPORATION  ^  *  % 

Ullmon  Building  Brooklyn  15,  New  York 
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AMERICAN  TELEVISION  AND  RADIO  CO 

Quolity  Products  S»f>cc  1931 
SAINT  PAUl  1.  MINNESOTA  USA 


EASTERN  AIR  DEVICES,  me. 

1  30  FLATBUSH  AVENUE 
BROOKLYN  17,  NEW  YORK 


BACKTALK  (coiiHiitMd) 

pression  can  be  obtained  when  us¬ 
ing  the  dynamic-band-pass  system 
in  connection  with  signals  which 
are  to  be  heard  by  the  ear,  since  it 
is  then  possible  to  further  restrict 
the  bandwidth  so  that  it  includes 
only  those  components  which  are 
present  at  a  sufficient  amplitude  to 
be  heard  by  the  ear. 

In  other  words,  the  dynamic- 
bEmd-pass  system  is  useful  under 
conditions  where  either  the  signal 
or  the  detecting  device,  in  this  case 
the  ear,  has  characteristics  which 
are  not  constant.  In  the  case  of 
listening  to  music,  both  the  signal 
and  the  ear  characteristics  are 
varying,  so  that  the  Dynamic  Noise 
Suppressor  is  particularly  well 
suited  for  this  application. 

H.  H.  Scott 

.  Cambridge,  Maas. 
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Predetermined  Counters 

Dear  Sirs  :  The  appearance  of  my 
article  “Predetermined  Counters 
for  Process  Control”  in  the  Febru¬ 
ary  1948  Electronics  gave  me 
great  pleasure.  Unfortunately  how¬ 
ever  there  are  several  mistakes  in 
the  exponential  notation  that  make 
the  explanation  of  the  counter’s  op¬ 
eration  seem  to  be  contradictory. 

Page  88,  column  1,  line  three 
should  read  “aperiodic”,  the  expres¬ 
sions  on  page  89,  column  2,  lines 
14,  22,  and  24,  and  column  8,  line  8 
should  all  have  been  printed 
“2**’th.”  Page  91,  column  3,  line  44 
and  following  should  read  “ground 
return  of  all  four  righthand  binary- 
stage  grids  in  a  single  decade,  as 
shown  in  Fig.  6.”  Page  92,  column 
1,  line  56  should  read  “isolated”. 

On  Fig.  2,  in  stages  2  and  4,  the 
lefthand  cathodes  should  be  marked 
A  and  the  righthand  ones  B.  On 
Fig.  6,  the  relay  is  Type  276-B,  and 
the  grid  resistor  in  the  delay  multi¬ 
vibrator  (lower  right)  should  be 
3.3  megohms.  This  last  error  prob¬ 
ably  arose  from  the  lack  of  stand¬ 
ardization  of  the  abbreviation  for 
thousand,  some  ising  “M”,  some 
using  “K”. 

Richard  J.  Blumb 

Conmar  Products  Corp. 

Newark,  New  Jersey 


Applications 


Disc,  wir*  and  film  rscordsn 
Sound  comofot  and  projocton 
Facsimilo  oquipmont 
Toitvition  equipment 
Timing  devices 
Stroboscopic  work 
Tolotypo  equipment 


AUTO 

RADIO 

VIBRA¬ 

TORS 


Dosiqnod  ior  Uso  ia  Standard  Vibra- 
tor-Oporated  Auto  Radio  Boceivors. 
Built  with  Precision  Construction  ior 
Longer  Losting  Life. 


The  hysteresis  design  of  this  new  Synch¬ 
ronous  AAotor  lowers  noise  and  vibra¬ 
tion  level  to  o  fraction  of  that  normally 
present  in  conventional  salient  pole  con¬ 
struction. 


A  most  important  advantage  is  its 
ability  ta  synchronize  independently  of 
inertia  present  in  the  load.  Unaffected 
by  the  inertia,  the  H.  P.  required  need 
aniy  to  bo  sufficient  to  drive  the  fric¬ 
tional  component  of  the  load. 


For  lavurtiag  D.  C.  to  A.  C 

Specially  Designed  lor  Operating 
A.C.  Radios.  Television  Sets.  Ampli¬ 
fiers.  Address  Systenu.  and  Radio 
Test  Equipment  bom  D.C.  Voltages 
in  Vehicles.  Ships,  Trains.  Planes 
and  in  D.C.  Districts. 

Write  for  Mew  ATR  Catalog— Todayl 


Supplied  in  round  frame,  resilient  mount 
and  rigid  base. 


1/50  H.P.  and  1/100  H.P.  ratings  in  a 
smaller  frame  size  are  available.  Write 
for  particulars. 


To  ELIMINATE  stattV  interference  in 
one  of  the  worpt  electric  storm 
areas  in  the  world,  the  South  Afri¬ 
can  Broadcasting  Corporation  will 
use  f-m  transmission. 
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SELECTIVE  SEQUENCE  CALCULATOR 


FILTERS 


UTC  manufactures  a  wide  range  of  filters  for  virtually 
every  application.  The  unit  illustrated  is  for  supersonic 
service.  The  high  Q  toroid  dust  structure  effects  flat 
response  to  TOO  KC  with  50  DB  cutoff  at  108  KC. 


SATURABLE  REACTORS 

Saturable  reactors  ore  used  for  phase  control  as  well 
as  for  power  control  and  magnetic  amplifier  applica¬ 
tions.  The  reactor  illustrated  is  hermetically  sealed... 
weighs  2  oz. . . .  gives  6:1  change  in  inductance  for 
IMA  DC  saturation. 


WIDE  FREQUENCY  RANGE 

UTC  Linear  Standard  components  are  ideal  for  high 
fidelity  applications.  The  10  watt  output  transformer 
illustrated,  however,  meets  a  frequency  response,  re¬ 
quirement  of  plus  or  minus  2DB— 9  cycles  to  180,000 
cycles. 


MINIATURE  COMPONENTS 

This  miniaturized  modu- 

This  reactor  provides  20 

lotion  transformer  is  Va 

hervrys  in  >72  cubic  inch 

inch  in  diameter  ...  1 

.  .  .  weighs  .9  oz.  For 

inch  high  .  .  .  weighs  .7 

minimum  hum  pickup,  it 
is  wound  hum  balanced 

oz.  It  handles  250  MW 

and  shielded  in  a  mu- 

in  the  speech  range. 

metal  case. 

electronics 
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Control  console  ond  two  of  the  many  boys  of  tubes  employed  in  the'  International  Business  Machines  Corporation 
device  designed  to  handle  complex  mathematical  problems  (see  April  ELECTRONICS,  p  138) 
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Photoelectric  attachment  enables  conventional  scales  to  check  fuel  consumption  of  airplane  and  automobile  engines 

ELECTRONIC  ORGAN,  by  T.  H.  Long . . 117 
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...PROVE  “MIGHTY  OAKS 
FROM  LITTLE  ACORNS  GROW” 


The  old  saying  about  mighty  oaks  and  little  acorns 
sums  up  the  story  of  £l-Menco  Capacitors  and  their  record  in  the 
radio  and  electronic  industry.  Constantly  chosen  as  components  for 
r  the  world’s  finest  electrical  equipment  .  .  .  £l>Menco  Capacitors 

contribute  immeasurably  to  product  performance. 

Put  the  dependability  into  your  product  that  will  establish  it  as  a 
leader  in  its  field  ...  put  £l>Menco  Capacitors  to  work  for  you! 


Send  for  samples  and  complete  specifications.  Foreign  Radio  and 
Electronic  Mnlittfactttrert  communicate  direct  with  our<£xport  Depart- 
.  ment  at  WiUimantic,  Conn.,  for  information.  ~ 


AND  DISTBIBUTOBS 

ARCO  ELECTRONICS 

135  Liberty  St.  New  York,  N.  Y 

is  Sole  Agent  for  El-Menco  Products  in  United  States  and  Canada. 


MANUFACTURERS 

Our  silver  mica  de¬ 
partment  is  now  pro¬ 
ducing  silvered  mica 
films  for  all  elec¬ 
tronic  applications. 
Send  us  your  spec¬ 
ifications. 


Write  on  Hrm  letterhead  for 
catalog  and  samples. 


MOLDED  MICA 


MICA  TRIMMER 


CAPACITORS 
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